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PAPER ELECTROPHORESIS 





... now more useful than ever in analyzing biological materials 


Thousands of laboratories routinely run serum 
proteins by paper electrophoresis as an aid in 
diagnosing hepatitis, agammaglobulinemia, the 
myelomas and a variety of related pathologies. 
Now this simple diagnostic aid is being used to 
separate other serum components of medical 
significance. 


LIPOPROTEINS 


The relationship between 

these fat-protein molecules 

and atherosclerosis, <a 
liver diseases, diabetes 
and obesity has 

made lipoproteins an important field of research. 





HEMOGLOBINS 


Oe a 5, 


Sickle cell anemia is 
revealed by the presence 





on the paper 


strip of both normal and sickle-cell hemoglobins. 





GLYCOPROTEINS Pe) 
Changes in glycoproteins L 
are often greater and 

more specific than changes 
in serum proteins. Indications of glycoprotein 
correlations are reported in studies of cancer, 
collagen diseases, acute and chronic infections 
and tuberculosis. 
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These new analyses can be performed on the 
same Model R equipment chosen by most lab- 
oratories using paper electrophoresis. The equip- 
ment is easy for technicians to use, gives uniform, 
reproducible results, and lends itself readily to 
different analyses, dyes and techniques. For 
more information, please return coupon below. 


Beckman; 
Spinco Division 


Beckman Instruments, Inc. 


Beckman/Spinco Model R 
System: electrophoresis 
cell, power supply 

and scanner 


To: Spinco Division, Beckman Instruments, Inc., Stanford Industrial Park, Palo Alto 5, California 


ba Please send me information 
on the clinical significance of paper electrophoresis, 
and a description of the equipment required. 


Ee I own a Model R System and would like 
additional information on recently-reported methods. 
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at Nutritional 
Biochemicals 


Corporation 





QUALITY 





is one of our proudest assets! 


Every biochemical we offer must meet or exceed our rigid Quality Control standards. Every chemical is 
tested for adherence to specifications. Every NBCo biochemical is of the HIGHEST possible quality com- 
mercially available ... at the lowest possible price. In addition to our reputation for high quality at a 
low price, we pride ourselves in offering the FASTEST service of any research biochemicals company: all 
orders shipped within 24 hours of receipt, and we can even provide emergency shipments within ONE hour! 
Why not find out for yourself why we have become the nation’s leading research biochemicals organization? 


Our catalog of more than 2,500 items includes: 









@ Over 300 Amino Acids @ Enzymes — Crystalline @ Carbohydrates 
@ Over 90 Peptides @ Enzymes — Purified @ Purified Proteins 
@ More than 200 Nucleoproteins, @ Growth Factors ®@ Fatty Acids 

Purines, Pyrimidines @ Steroid Hormones @ Antibiotics 
@ Miscellaneous Biochemicals ® Biological Salt Mixtures @ Alkaloids 
@ Vitamins ® Biological Test Materials @ Glandular Substances 
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OUR NEW MARCH 1959 CATALOG 


containing more than 2,500 items is now ready. Fill N U T - | T | 0 N A L 
out coupon below and mail today for your free copy. 
BIQCHEMICALS 
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Address 21012 MILES AVENUE 
EVELUCA yp 22 OHIO 
City. Zone. State. CLE : = . 
SCIENCE is published weekly by the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 


matter under the act of 3 March 1879. Annual subscriptions: $8.50; foreign postage, $1.50; Canadian postage, 75¢. 
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working with small 
quantities for organic 
preparations? 
Bantam-ware’s the 
BIG value! 


KONTES BANTAM-WARE KIT IS A 
COMPLETE ORGANIC LABORATORY in 
miniature! It occupies only 2.5 sq. 
ft. of space! Glassware and acces- 
sories are inches from actual work- 
ing area, saving time in locating, 
setting up and taking down the 
apparatus. The Kit is complete; 
contains everything needed for: 


Fractionation 
Steam, atmospheric and vacuum 
distillation 
Chromotographic analysis 
Extraction 
Filtration 
Reflux 
Separation 
...and it includes equipment for 
supporting, clamping, heating, agi- 
tation and storage. 
DESIGN FEATURES 


BALL & SOCKET JOINTS reduce conden- 
sate hold-up, simplify clamping and min- 
imize breakage if unit is misaligned. 


SPECIAL $ JOINTS have no product- 
catching bulb below grinding. 


VERSATILE THERMOMETER JOINTS, 
Adapters, Distilling Heads, Flasks, etc., 
take F 10/18 or 10/30 thermometers. 


CORRECT BULB POSITIONING: Thermom- 
eter Bulbs correctly positioned with re- 
spect to side arms, to insure accurate 
temperature readings. 


SEND FOR FREE, 234-PAGE CATALOG. Write 
On your company letterhead for Catalog TG-15A. 


© 


KONTES 
GLASS COMPANY 


First Choice For Quality Technical Glassware 
Vineland, New Jersey 
Midwest Distributor: Research Apparatus, Inc., Wauconda, Ill, 
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Letters 


Philanthropy 


The letter of P. W. Hutson [Science 
129, 1369 (1959) ], condemning the edi- 
torial which suggested increased philan- 
thropy and argued its advantages from 
the federal income tax viewpoint, is 
amazing indeed. 

Granted that private philanthropy 
may be irresponsible and wasteful, so 
may our tax-supported philanthropy. But 
while the private philanthropist pos- 
sesses direct control over the uses of his 
gifts, the taxpayer can stop paying other- 
wise compulsory taxes only by becoming 
a private philanthropist. Thus, the use 
of permissible deductions, plus expres- 
sions of opinion to his elected represen- 
tatives, constitute the only indirect con- 
trols available to the taxpayer over the 
ultimate uses to which his tax monies 
will be put. 

I disapprove of vast federal expendi- 
tures to enable us to send Mr. Smith to 
the moon and blow his family to smith- 
ereens while he is gone, and I take ad- 
vantage of every legal provision avail- 
able to reduce my federal income taxes. 
This is possible because of the deductions 
and exemptions permitted, and I intend 
to continue to give till it hurts. 

It doesn’t hurt, really, and it probably 
does much more good for all of us than 
sending anyone to the moon ever will. 
I urge my fellow scientists and citizens 
to do much more of the same. 

C. H. Lususoucu 
American Meat Institute Foundation, 
University of Chicago 


Science Teaching 


Since the advent of the first Russian 
sputnik, Americans have indulged them- 
selves in some very tardy, and much- 
needed, criticism of their educational 
system. Much has been found wanting, 
many ideas have been discussed, but 
very little has been done to alleviate the 
crucial deficiencies thus brought to light. 

To judge from personal experience at 
three different collegiate establishments, 
the greatest impediment to the improve- 
ment of college courses in biology and 
botany seems to be a dogmatic and nar- 
row-minded view of heads and chair- 
men of departments as to what such 
courses should include and how they 
should be taught. 

What I am saying is that the “aca- 
demic dry-rot,” so well described by 
William Morton Wheeler several dec- 
ades ago, in the meantime has decayed 
the structure of our educational system so 
thoroughly that the system collapses al- 
most of its own weight under the con- 






tinued onslaught of the specialists whose 
minds are sharp as razor blades and just 
about as broad. 

Elementary courses are still taught as 
if the majority of students were to be 
science majors rather than citizens of a 
democracy. In contradiction to the es- 
sence of science, there is an abhorrence 
to experimentation, presumably on the 
assumption that Louis Agassiz and Asa 
Gray knew all there is to know of col- 
lege teaching. 

Within this adolescent frame of refer- 
ence, course improvement means “cram- 
ming” the lecture with more subject 
matter and the laboratory with more ex- 
periments that repeat the material of the 
lecture, at the same time restricting the 
entire scope of the course to plodding 
through the textbook. 

According to this pedagogical outlook, 
lecturing in an elementary course is 
delegated to the newest and least ca- 
pable member of the faculty, and the 
laboratory sections are handed over to 
well-meaning graduate students whose 
only qualification for teaching is that 
they are promising candidates for the 
Ph.D. 

Apparently, the practical implications 
of general education, as well as the dire 
need for all citizens of a democracy to 
have a general knowledge of science at 
this time, are still not recognized by the 
great majority of biologists in general, 
and by those in charge of instruction of 
elementary courses in particular. And in 
fact, among the orthodox, the instructors 
of courses in general education are auto- 
matically relegated to an inferior status 
in the academic hierarchy. 

I do not doubt that there are intelli- 
gent heads or chairmen of departments 
of biology and botany to be found, but 
in.9 years of searching I have encoun- 
tered only one who had the guts to ad- 
vocate an elementary course which was 
frankly experimental and openly oriented 
to general education. Nowhere, it seems, 
is the spirit of science so dead as in ele- 
mentary biology and botany courses. 

Leo F. Kocr 
Division of General Studies, 
University of Illinois, Urbana 


The growing pressure from our gov- 
ernment to improve and extend science 
teaching in the high schools has raised 
serious questions concerning the best ways 
to attract and hold the interest of high- 
school students with respect to science. 

The common method has been either 
to specialize—that is, give courses in 
physics, chemistry, and so on—or to give 
science survey courses that offer a little 
bit of each science. Would it be feasible 
to teach high-school science in terms of 
a connected theme of common interest 
that would serve to link in a meaningful 
way the various areas of the sciences 
(and mathematics) ? 
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PHOTO BY WILL CONNELL 


Push button ease in titrations, redox measurements and pH determinations is yours with a Beckman 
Zeromatic* pH meter. % The Zeromatic is shown with one of Beckman’s new Combination Elec- 
trodes easily performing a neutralization titration. Thousands of titrations can be done by this 
modern pH-endpoint method. The Zeromatic’s millivolt scale adds even more versatility, making 
possible complete millivolt titrations without range changes over any 1400 mv span between +1400 
mv. % Recorder or automatic temperature compensator hook-up can be made in seconds. The line- 
operated Zeromatic automatically eliminates zerodrift and standardizing between readings, mak- 
ing measurements more reliable. Accuracy of 0.1 pH and reproducibility of 0.02 pH are guaranteed. 
The Zeromatic is available for immediate delivery from 99 laboratory apparatus dealer locations in 
the U.S. and Canada. Ask for a demonstration, or write us today for Zeromatic Data File 21,-48-38. 


*Trademark Beckm a ry’ 
Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 


2500 Fullerton Road, Fullerton, California 
ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS * pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 


























* Basic unit 
includes standard 
8x50 ml 
supers peed 
rotor 


Send for Bulletin SC-7/2RC-2 
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Horizontal, Virus & Particle Counting 


self-centering development in 
celeration, Dynamic Braking, 


Five different rotors may be us 
+1°C at all times. 


















During the summer of 1959, at the 
University of Oklahoma, I will be en- 
gaged in a National Science Foundation 
program for high-school science teach- 
ers. The National Science Foundation 
course (which is one of several to be 
offered at the university at that time) is 
on cosmogony and evolution. It deals 
with the scientific theories of the origin 
and development of an expanding phys- 
ical universe; the appearance of the basic 
“particles” (hyperons, protons, electrons, 
and so on); the emergence of atoms, 
molecules, and extragalactic nebulae; the 
stars and the planetary systems; the for- 
mation of the earth; and the emergence 
and evolution of life. In the course of 
this project we shall discuss scientific 
method and shall present the astronom- 
ical, physical, chemical, geological, bio- 
chemical, and biological details in such 
a way as to tie them in meaningfully 
with the history of the universe and of 
our earth. 

We feel that among young people are 
many who may be readily motivated by 
the questions: “How did it all begin?” 
“How did the stars come to be?” “Where 
did the earth come from?” “Where and 
how did life arise?” With such a central 
theme, it becomes reasonable to hope 
that the technical and often boring de- 
tails of mathematics and the specialized 
natural sciences will become more sig- 
nificant and interesting to the high- 
school student; the parts of knowledge 
will be acquired within a meaningful 
whole that should be more ego-involving 
for the student. 

We have selected about 35 high-school 
science teachers, both men and women, 
from all parts of the nation (the ma- 
jority are from Oklahoma) and ranging 
in age from the mid-20’s to the early 
50’s. 

We shall utilize the help of an astron- 
omer, a biochemist, and a geneticist. The 
institute will be given jointly by David 
Kitts, a geologist-paleontologist, and by 
me (a philosopher of science and physi- 
cist). We have had consultation with 
Sidney Fox of Florida State University 
on the chemical origins of life, and we 
plan to demonstrate (ultimately for high- 
school science-teaching purposes) the 
emergence of amino acids and so on 
under conditions simulating the sup- 
posed natural conditions on earth prior 
to the origin of simple life forms. 

We shall utilize all available audio- 
visual aids, including Atomic Energy 
Commission materials on atomic and 
nuclear theories, and astronomical ob- 
servatory facilities, laboratory demon- 
strations, and scientific charts and lit- 
erature on relevant subjects. Our high- 
school teachers will help us work out 
the best ways of implementing our pro- 
gram in the high schools. Obviously, we 
are going to need a great deal of help 
from the high-school administrators, and 


perhaps from government agencies, if 

this program is eventually to be deemed 

valuable enough to be introduced into 

the high-school teaching system. 
Cartton W. BERENDA 

Department of Philosophy, 

University of Oklahoma, Norman 


Flycatchers and Warblers 


In the legend to Fig. 4 of D. J. Struik’s 
interesting historical article [Science 129, 
1103 (1959) ],. illustrations 2, 3, and 4 on 
the plate reproduced from Alexander 
Wilson’s American Ornithology are de- 
scribed as “flycatchers.” It is true that 
Wilson listed these birds in the genus 
Muscicapa, but this name is now con- 
fined to the flycatchers of the Old 
World. The birds portrayed on Wilson’s 
plate 26 are members of the New World 
family Parulidae, the wood warblers. 
Their resemblance to the true flycatch- 
ers is superficial and has resulted from 
convergent adaptations to the flycatch- 
ing habit. 

It may be of interest to note that the 
three warblers shown on this plate are 
members of a genus named Wilsonia, in 
honor of the artist, by the great 19th-cen- 
tury ornithologist Prince Charles Lucien 
Bonaparte, nephew of Napoleon I. Illus- 
tration 4 on the plate is Wilsonia pusilla 
(Wilson), commonly called Wilson’s 
warbler. 

KENNETH C. PARKES 
Carnegie Museum, 
Pittsburgh, Pennsylvania 


I am grateful to Parkes for his correc- 
tion, which will be helpful to all who 
have wondered what kind of “flycatch- 
ers” were represented in Fig. 4 of my 
article. 

It may also interest shell collectors to 
know that the Fusus corneus of Fig. 2 is 
now called Colus stimpsoni (Morch) 
and the Fusus cinereus, Urosalpinx 
cinerea (Say), for which information I 
have to thank W. J. Clench of Harvard 
University. 

I also received a letter from Thomson 
King, director of the Enoch Pratt Free 
Library of Baltimore, Maryland, who 
objected to my expression “Robert Ful- 
ton’s inventions” for the successes of the 
steamboat; he stressed the merits of 
James Rumney and James Fitch and 
concluded with “It is rather ironical that 
Fulton actually invented and gave a 
demonstration for the English Admiralty 
of a submarine, hand driven. Now thou- 
sands of people believe he invented the 
steamboat and apparently no one knows 
that he really did invent the submarine.” 

D. J. Srruik 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 
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Torsion’s Dial 
faa t- 1. ¢-1-5 
the difference 


And what difference it makes! You can now make three 
times as many weighings per hour as before with Torsion’s 
new Dial Balance. Here’s why: 

Conventional laboratory balances use a graduated beam and 
slide weight for “‘fine” weighing after.the weight has been 
determined to within 1 gram. Under the old procedure the 
balance is arrested, slide weight positioned, balance released, 
position of indicator noted, balance arrested again, 

slide weight repositioned and so on until the 

weight is determined within .01 gram. 


All this time consuming “‘cut-and-try” procedure is replaced 
with a simple graduated dial which can be turned without 
arresting the oil-damped balance. This means that the time 
consuming part of the weighing (below one gram) can be 
“dialed-in”—and in 1 the time. 








Unconditional Guarantee 


In keeping with Torsion’s Million-Plus con- 
struction, the new Dial mechanism retains its 
original accuracy after more than a million 
weighings. That’s why Torsion Balance has un- 
conditionally guaranteed the entire Dial mecha- 
nism. 

DLT2, shown above, has a capacity of 120 
grams, and a sensibility reciprocal of 10 mgs. 
(10 mgs. moves the rest point one division). 
DLT2-1 has the same specifications but is 
equipped with a scoop for seeds or other bulky 
material. 

For more information contact your laboratory 
supply house or write us. 





Zee Torsion Balance Company 


Main Office and Factory: Clifton, New Jersey ¢ Sales Offices: (Ot al (or- lo foPmn—T- tal al a-Ualoll-yore 








“PACKAGING” MICROWAVES 
FOR MOUNTAIN TOPS 

































In Arizona, the telephone company faced a problem. How 
could it supply more telephone service between Phoenix 
and Flagstaff—through 185 miles of difficult mountain 
territory? 


Radio offered the economical answer: a new micro- 
wave radio-relay system recently created at Bell Tele- 
phone Laboratories. Operating at 11,000 megacycles, it 
was just right for the distance, and the number of con- 
versations that had to be carried. 


But first other problems had to be solved: how to 
house the complex electronic equipment; how to assemble 
and test it at hard-to-reach relay stations way up in the 
mountains; and how to do it economically. 


On-the-spot telephone company engineers had some 
ideas. They worked them out with engineers at the 
American Telephone and Telegraph Company and at 
Bell Telephone Laboratories. The result: a packaged unit. 


The electronic equipment was assembled in trailer- 
like containers at convenient locations and thoroughly 
checked out. The complete units were then trucked up 
the mountains and lifted into position. 


The system, now operating, keeps a watch on itself. 
When equipment falters, a relay station switches in stand- 
by equipment, then calls for help over its own beam. 


The new Phoenix-Flagstaff link illustrates again how 
Bell System engineers work together to improve tele- 
phone service. Back of their efforts is the constant de- 
velopment of new communications systems at Bell 
Telephone Laboratories. 
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Among the Missing 


Biographical directories, like telephone directories and encyclopedias, 
rapidly become obsolete. Consequently, all who want biographical infor- 
mation about scientists—scientists themselves, administrators in govern- 
ment, industry, universities, and research institutions, editors of scientific 
journals, and science writers for the press, among others—will welcome the 
publication this fall of the first volume of the tenth edition of American 
Men of Science, the largest biographical directory in the world. 

Inasmuch as the criteria for inclusion (achievement equivalent to the 
attainment of a doctorate, research activity of high quality, or the holding 
of a responsible position requiring scientific training and experience equiva- 
lent to the foregoing) have not been changed since preparation of the first 
edition, in 1906, the size of successive editions roughly reflects the increas- 
ing number of scientists in our population. As one looks at the volumes 
assembled on the library shelf, he is struck by the increase in bulk and 
notices that the eighth edition approaches the limit in size for a single 
book; that this physical limitation was recognized by the editor and his 
advisers is apparent, for the ninth edition appeared in three volumes (the 
forthcoming tenth edition will require five). The impression thus gained 
visually is borne out by the numbers of biographies included, which, in 
round numbers, are as follows (years of publication in parentheses) : 
4000 (1906); 5500 (1910); 9500 (1921); 13,500 (1927); 22,000 (1933); 
28,000 (1938); 34,000 (1944); 50,000 (1949); 95,000 (1956); and 120,000 
(estimated for 1959-62). As can be seen from the figures, the number of 
scientists listed increased about 30-fold, a much more rapid increase than 
for the U.S. population as a whole, which underwent a twofold increase 
during the same time. 

But no biographical directory is ever all-inclusive. Despite the coopera- 
tion of virtually all scientific societies and all universities granting higher 
degrees, there are some people who cannot be located or who have 
neglected to supply biographical data. The first of the four volumes devoted 
to the physical and biological sciences, which will carry the biographies of 
scientists whose last names have initial letters from A to E, will soon be 
ready to go to press. Some 1800 people whose names should be included 
are known to be among the missing. Space does not permit us to list them 
all:, they range from Torfine Leonard Aamodt (entomology, University of 
Minnesota, St. Paul) to Eugene Henderson Eyster (physical chemistry, 
Los Alamos Scientific Laboratory, Los Alamos, N.M.). 

Any eligible person whose last name begins with A, B, C, D, or E and 
who is uncertain about whether he has sent the editor a biographical sketch, 
should write promptly to Jacques Cattell, Editor, American Men of 
Science, Arizona State University, 820 College Ave., Tempe, Ariz. Those 
who do so will be entitled to feel, as J. McKeen Cattell, editor of the first 
edition, expressed it in his preface to that edition, “in the fortunate posi- 
tion of knowing that whatever we do to promote our own interests is at 
the same time a service to the community and the world.”—G.DuS. 











“we Count More Samples... 
Count For Longer Periods... 
And Still Have More Time For Research” 























This is a typical quote from research person- 
nel in laboratories where Packard Tri-Carb 
Spectrometers and/or Auto-Gamma 
Spectrometers are used. 





; These instruments are completely auto- 

Tri-Carb® Liquid Scintillation Spectrometer matic. They handle up to 100 — ae? 

her asia A: Gaede una record all data (sample number, time and 

other beta- and alpha-emitting isotopes. scaler counts) accurately and permanently on 

“eee paper tape. Operation can be maintained on 

a 24-hour basis. No staff time is required for 

counting. Consequently, laboratory per- 

sonnel have more time for other important 
research work. 






If you are counting radioactive samples, 
learn how Packard can improve your experi- 
mental data and still save you time. Contact 
Packard Instrument Co., Inc. Request latest 
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Research in Space 


Scientific opportunities, instrumentation problems, 
and sources of support are reviewed by the Space 
Science Board of the National Academy of Sciences. 


A beginning has already been made 
in the exploration of the fringes of the 
atmosphere and of the regions of space 
outside the earth. The events of the 
past two years encourage the expecta- 
tion that this exploration will proceed 
with increasing momentum. 

The means now at hand, or soon to 
be available, for transporting instru- 
ments into space add immeasurably to 
the power and versatility of the tools of 
scientific investigation. Atmospheric at- 
tenuation limits the earthbound ob- 
server to the use of about 20 of the 60 
octaves in the electromagnetic spectrum 
above 100 kilocycles per second: an ad- 
ditional 40 octaves are in principle ac- 
cessible to instruments flown outside the 
earth’s atmosphere. These opportunities 
are of the liveliest interest to physicists 
and astronomers. With the aid of arti- 
ficial satellites and space probes, fields, 
radiation, and particles in interplanetary 
Space and in the vicinity of the earth, 
the moon, and the nearer planets be- 
come accessible to direct observation for 
the first time. As space technology ad- 
vances it will undoubtedly become pos- 
sible not only to sample the matter in 
space but also to observe and perhaps to 
obtain samples of the material of the 
moon and planets: these prospects are 
manifestly of interest not only to the 
physical but also to the biological sci- 
ences. 

In the conviction that the challenge 
posed by these unprecedented opportu- 
nities for scientific study deserves most 
serious attention, the National Academy 
of Sciences, through its Space Science 


24 JULY 1959 


Board, seeks to offer encouragement to 
those who wish to take part in space 
research programs. This article is ad- 
dressed primarily to those scientists who 
may not yet have given serious consider- 
ation to the possibility of experimenta- 
tion in space. It attempts to suggest the 
opportunities which are available and 
to outline some of the information which 
will be needed by those who wish to go 
further. 


Opportunities 


The establishment of the National 
Aeronautics and Space Administration 
provided the means for the continued 
development of a civilian program of 
space exploration. A major part of the 
tasks ahead is concerned with the devel- 
opment of more powerful, reliable, and 
versatile rockets, control systems, track- 
ing and observing equipment, and in- 
strumentation generally. Rapid techno- 
logical progress in all of these is to be 
expected, and the attendant possibility 
that the supply of suitable experiments 
ready for flight will be outstripped is 
quite real. 

Moreover, continued progress on the 
engineering side may be expected to lead 
to significant improvements in reliabil- 
ity, to permit simplification in the de- 
sign of experimental apparatus, and to 
widen the variety of experiments which 
may be attempted. It is likely that there 
will be not only a rapid increase in the 
number of opportunities for conducting 
scientific experiments in space but also 


a corresponding improvement in the dis- 
patch with which any given undertaking 
can be accomplished. 

By the adaptation of the technology 
of rockets and space vehicles to scien- 
tific ends, it is at last becoming possible 
to study the universe free of interference 
from the absorptions and distortions of 
the earth’s atmosphere and to investi- 
gate by direct experiment the conditions 
existing in interplanetary space. The new 
experimental techniques have already 
given results which cannot be matched 
by any other investigative methods. 
These circumstances, now in the process 
of evolution, challenge the ingenuity 
and enterprise of the scientific com- 
munity as a whole. 

Support for work in space research is 
provided by the National Aeronautics 
and Space Administration (1512 H St., 
NW, Washington 25, D.C.) and the 
National Science Foundation (1951 
Constitution Ave., NW, Washington 25, 
D.C.). The Advanced Research Proj- 
ects Agency (Department of Defense, 
Washington 25, D.C.) also supports 
work which pertains to its defense mis- 
sion. Where special departmental inter- 
ests exist, funds may also be available 
directly from other sources—for exam- 
ple, the research offices and establish- 
ments of the military services. 

An individual scientist or a research 
institution seeking support for a project 
or program of research involving the use 
of rockets, artificial satellites, or space 
probes should make application to one 
or other of the agencies mentioned 
above. Besides discussing the scientific 
significance of the work proposed, it is 
desirable also to describe the experi- 
mental requirements for telemetry and 
any special problems involved in the re- 
duction and analysis of data. The budg- 
etary needs for the various principal 
stages of the project should also be pre- 
sented. Applications to the National Sci- 
ence Foundation should follow the form 
prescribed in the leaflet “Grants for 
Scientific Research” which is available 
from that agency on request. When the 
other agencies are concerned it is pref- 
erable that the investigator apply in- 
formally in the first instance, giving at 
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Weight restrictions and environmental conditions have favored the application of miniaturization techniques to the design of appa- 
ratus for space vehicles. The minitrack transmitter (left) for a Vanguard satellite [Courtesy U.S. Navy]. A miniature magnetic tape 
recorder of the type which has been used in satellites for the storage of data (right). The stored information can be read out at will by 
command signal from the ground. [Courtesy U.S. Army] 


least the information outlined above. 


(A leaflet “The Advanced Research 
Projects Agency,” now available from 
the Department of Defense, Washing- 


ton, D.C., summarizes information use- 
ful to those who may wish to make pro- 
posals to that agency.) Thereafter, dis- 
cussion with appropriate members of 
these agencies will enable the proposal 
to be made in a form best suited to the 
particular case. 

While some experiments require the 
use of satellites or space probes, high- 
altitude rockets will continue to find 
special application for many types of in- 
vestigations. They are particularly use- 
ful for establishing the altitude depend- 
ence of phenomena of interest in regions 
below satellite altitudes. The National 
Aeronautics and Space Administration 
and the Department of Defense are ac- 
tively interested in the support of re- 
search programs using rockets. 

The nature and magnitude of the 
engineering effort which must accom- 
pany space science efforts make it nec- 
essary to pay much more attention than 
usual to the design and reliability of the 
experimental apparatus. As a general 
rule, space research projects proceed 
through a series of stages which may be 
enumerated as follows: (i) feasibility 
study leading to the design of experi- 
ments, (ii) development of experiments 
and instrumentation, (iii) development 
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of flight packages, and (iv) launching 
operations, data reduction, and analysis. 

The scale and complexity of the effort 
required in the third and fourth phases 
tend to be characteristic of the practical 
side of space research. This may give 
rise to some apprehension on the part of 
the scientist that his interests may be- 
come subordinated to those of engineer- 
ing. While recognizing the importance 
of engineering to success in space ex- 
periments, the Space Science Board 
holds the view that throughout the 
course of the experiment the originator 
must participate actively to the maxi- 
mum extent practicable. This view is 
shared by the responsible government 
agencies. The scientist engaged in a 
space research project may, therefore, 
expect to have close liaison with those 
responsible for the engineering design, 
construction, and environmental testing 
of the flight package and to have a voice 
in decisions affecting telemetry, the 
choice of orbit or trajectory, and the 
time of launch, insofar as these may 
affect the scientific aspects of the ex- 
periment. He may expect to participate 
actively in the instrumental testing of 
his apparatus before launching, and, of 
course, to have complete and immediate 
access to the results of the experiment. 

As a practical matter, financial sup- 
port is not limited to proposals which 
encompass all the stages mentioned 


above. In many cases, today’s technology 
may be inadequate for an immediate 
realization of the experimental goals. 
Nevertheless, theoretical or preparatory 
investigations, in anticipation of future 
capabilities, may well elicit support. 
Here both the National Aeronautics 
and Space Administration and the Na- 
tional Science Foundation have genuine 
interests in sponsoring research. 

The launching of an experiment in a 
satellite or space probe involves a sig- 
nificant expenditure of time, effort, and 
engineering resources, Preparation of a 
suitable scientific flight package accord- 
ingly requires careful collaboration be- 
tween the authors of experiments and 
the engineers and scientists conversant 
with flight package design. The nature 
of rocket propulsion and the usual reli- 
ance on radiotelemetry for the recovery 
of results impose some definite charac- 
teristics on the design of experiments. 
The discussion which follows is in- 
tended to be suggestive of the present 
state of the art and should not be taken 
as definitive. 


Vehicular Reliability 


The problem of reliability has had a 
notable effect on early attempts to con- 
duct research in space with high-per- 
formance rockets, both as satellite- 
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launching devices and as space probes. 
The incidence of total failure or minor 
malfunction in samples of small size can 
lead to conclusions which are of negli- 
gible significance in statistical terms. 
Reliability in complex, multistage rock- 
ets—particularly those using liquid fuels 
—is achieved only by painstaking effort 
during development. Progress is con- 
stantly being made in this respect, and 
there is every reason to expect that ex- 
perience in the future will be appreci- 
ably better than it has been in the past. 
Nevertheless, it is also likely that fail- 
ures will continue for some time to be 


a part of the cost of experimentation 
with high-performance rockets. While 
the problems of the reliability of the 
rocket and its controls are not the di- 
rect concern of the scientist engaged in 
space research, their implications should 
be borne in mind during consideration 
of the design of experimental apparatus 
so that the value of the experiment may 
not be entirely lost if the rocket fails to 
achieve the planned trajectory. Of 
course, the reliability of the experi- 
mental equipment itself is of the most 
vital concern to the scientist; this as- 
pect is discussed below. 
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Weight and Volume 


Limitations in the propulsion avail- 
able for purely scientific purposes have, 
up to the present, restricted the scope 
of research with artificial satellites and 
space probes in this country. Useful 
weights of experimental apparatus have 
been less than 10 kilograms. Within the 
year, the availability of improved booster 
and upper-stage rockets should make 
possible increases in payload to more 
than 50 kilograms. In 1960, a still larger 
booster should permit the orbiting of 
earth satellites weighing 1000 to 2000 


Analysis of the readings, obtained by telemetry, of the particle counters of Pioneer III together with earlier satellite observation led to 
the discovery of the two Van Allen radiation belts (shared areas) shown in the cross section (top left). The contours are drawn 
through points where the number of counts was 10, 100, 1000, and 10,000 per second. The ascending and descending segments of the 
trajectory of Pioneer III are superimposed [Courtesy State University of Iowa]. A view of the outside of the instrumented payload of 
the lunar probe Pioneer IV (right). The pattern of light and dark areas serves to stabilize the internal temperature by regulating 
da the absorption and loss of energy from the sun. The probe Pioneer III was of similar construction [Courtesy U.S. Army]. The instru- 
on- mentation of Pioneer IV (bottom left). The cylinders at the top are cosmic ray counters. The ring of cylindrical batteries below sur- 
m= rounds the telemetry transmitter. This device, protected by a housing similar to that at the right, is now in orbit around the sun. The 
instrumentation of the probe Pioneer III was similar except for the omission of the shielding around the counter on the left [Courtesy 
U.S. Army]. Both were constructed by the Jet Propulsion Laboratory of the California Institute of Technology. 
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kilograms. Improvements in upper stages 
are expected to make possible, in about 
3 or 4 years, the launching of weights of 
several thousand kilograms into orbits of 
co-rotation with the earth (altitude of 
about 5.6 earth radii) or other accom- 
plishments of comparable magnitude. 
Later still, very powerful rockets are 
likely to be available and, as the com- 
petence of the technology improves in 
this fashion, the determining factor in 
our space research work will then be sci- 
entific justification rather than engineer- 
ing limitations. 

For the immediate future, weight 
rather than volume appears to impose 
the greater restriction on the design of 
scientific satellite packages. For exam- 
ple, both Explorer and Vanguard satel- 
lites have carried most of their scien- 
tific equipment in cylindrical instrument 
compartments about 15 centimeters in 
diameter located along the spin axis. 
Instrument assemblies have taken the 
form of disk-shaped modules or decks 
of various heights, arranged in a stack. 
In the early Pioneers, on the other hand, 
the instrument packages were disposed 
around the equator of a_top-shaped 
shell. Only in the Explorers was a sub- 
stantial fraction of the total volume 
available occupied by the instruments. 

Components and fabrication  tech- 
niques similar to those used in minia- 
turized airborne and rocket electronic 
equipment have proved satisfactory for 
space use. Instruments requiring ex- 
terior surface mounting or bulky units 
of nonmodular dimensions can probably 
be accepted when the more powerful 
launching vehicles come into use. 


Power 


The electrical power supply carried 
by a space vehicle ordinarily determines 
the total amount of scientific data which 
can be acquired, amplified, and trans- 
mitted to the earth. Thus far, satellite 
and space probes have depended almost 
entirely upon chemical batteries (for ex- 
ample, mercury or silver-zinc cells), and 
these have usually functioned satisfac- 
torily. A performance of about 100 watt- 
hours per kilogram of batteries has been 
obtained. On the average, power sup- 
plies of this kind have taken up about 
a quarter of the disposable weight in 
Explorer and Vanguard satellites. 

In 1958 6, the small Vanguard test 
sphere, sufficient power was developed 
by banks of solar cells to operate a 
transistor transmitter at about 12 milli- 
watts. That this power supply has con- 
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tinued to operate satisfactorily since 17 
March 1958 indicates that silicon solar 
cells are not rapidly damaged by the 
space environment. More extensive use 
of these cells in the future is expected. 
Tor the range of variation of aspect in 
an uncontrolled satellite, for storage of 
energy during periods when the cells 
may be in shadow, and for regulation 
and voltage conversion, about 2.5 kilo- 
grams are presently required for the 
supply of 1 watt. This is equivalent to 
more than 3000 watt-hours per kilo- 
gram, if a l-year life is assumed. A 2.5 
watt power system of this type will be 
used in a late IGY satellite. 

Nuclear-powered devices are expected 
to provide efficiencies approaching 4000 
watt-hours per kilogram for high-power, 
long-life applications in space vehicles. 
Although such systems are well ad- 
vanced in development, some problems 
in application, in particuiar radiation 
shielding and heat dissipation, may pre- 
sent difficulties. 

Recent American satellites have oper- 
ated on batteries at a fractional watt 
level with lifetimes up to a few months 
(and one on solar cells for more than a 
year). Prospective space vehicles may 
operate at a few watts for periods up to 
a year. It may be expected that the 
1960-62 period will see power levels of 
50 to 100 watts. 


Environmental Temperatures 


The approximate solution of the prob- 
lem of the temperature of a satellite or 
space vehicle was worked out prior to 
launching both for the Explorers and 
for Vanguard I. In both cases, tempera- 
ture range reported from the satellite 
agreed with predictions within design 
limits. The temperature of the vehicle 
represents a balance between radiation 
absorbed by or heat generated within 
the satellite and the heat lost by radia- 
tion or latent heat exchange within the 
satellite. By suitable adjustment of the 
absorption and emission characteristics 
of the various portions of satellite sur- 
faces, and with due consideration of the 
orbit, the shell temperature for Ex- 
plorer I was held within a range of 
— 25° to about 90°C. The correspond- 
ing temperatures within the shell are 
believed to have been 0° and 40°C. In 
Vanguard I, a stable temperature of 
about 40°C appears to have been 
reached within 1 day after launching. 

Present techniques appear to be gen- 
erally adequate for the design of instru- 
ment containers capable of maintaining 





tolerable 
With some sacrifice of payload weight 
and diversion of power, more refined 
regulation of the temperature of the in- 
strument compartment can be achieved. 


temperature within limits, 


Shock and Vibration 


Once an instrument package has 
achieved orbit or a condition of coasting 
flight in space, it is essentially in a force- 
free condition except for the effects of 
residual spin, attitude control, or pos- 
sible meteoritic impacts. In this environ- 
ment, light-weight structures of large 
size may be erected—for example, by 
inflation. However, before this free- 
flight condition is attained the instru- 
ment package must withstand a great 
deal of shock and vibration. This occurs 
to some extent during shipment and 
preparation for flight but is more severe 
during the propulsive phases of launch- 
ing when acceleration forces of both set- 
back and spin are encountered, together 
with random vibration over a_ wide 
spectrum along ali three axes. 

For establishing flight dependability 
of the payload package, a program of 
shock and vibration testing has been 
developed in the IGY satellite program. 
Test limits are dictated in large measure 





by the shock and vibration characteris- 
tics of the payload itself. Specific test 
routines have been worked out for the 
Vanguard launching system, the Jupi- 
ter-C, the Pioneer, and the Juno II. 
These have included dynamic balancing, 
acceleration, spin tests, and triaxial vi- 
bration tests. 

Although the severity of the tests dif- 
fers somewhat for the various launching 
systems, the following, taken from the 
type approval tests for the Juno II pro- 
totype payloads, is illustrative of the 
conditions which some of the earlier 
experimental apparatus has had to with- 
stand. These examples apply _particu- 
larly to the lighter payloads; the re- 
quirements for resistance to shock and 
acceleration are likely to be somewhat 
less when heavier payloads are con- 
cerned. 

1) Shock. The complete payload is 
subjected to about four 100g shocks par- 
allel to the axis of the launching thrust. 

2) Vibration. Random noise, 15g 
root-mean-square, parallel to the thrust 
axis for 2 minutes. Random noise, 12g 
root-mean-square, along two planes mu- 
tually orthogonal and perpendicular to 
the thrust axis for 2 minutes in each 
plane. 

3) Static acceleration. The payload is 
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held at 75g for 2 minutes by centri- 
fuging. 

4) Spin. After dynamic balancing, 
the payload is spun at 900 revolutions 
per minute for 10 minutes. 

The foregoing tests are applied to the 
fli;ht prototype sample. Somewhat less 
rigorous flight acceptance tests are then 
applicable to identical payloads sched- 
uled for actual flight. 

The development of the payload in- 
strument package for withstanding these 
and other physical conditions it is ex- 
pected to encounter is the responsibility 
of an expert space-package design group 
having familiarity with the launch in 
question. Ideally, this group should be- 
gin to work with the scientist carrying 
out the experiment at an early phase of 
his instrument development, even before 
the completion of a laboratory bench 
model of the apparatus. After the indi- 
vidual components and the complete 
apparatus have been tested successfully 
for flight readiness, the flight-package 
engineers assume responsibility for 
adapting the approved instrumentation 
into a flight-prototype package which 
will meet environmental test require- 
ments and which will be suitable for 
accommodation in the shell of the ve- 
hicle and, at the same time, function- 
ally acceptable to the responsible scien- 
tists. 

Massive test equipment is required 
for carrying out the full range of en- 
vironmental tests for payload instru- 
ment packages, particularly for pay- 
loads of 50 kilograms or more. Adequate 
installations of test equipment are lo- 
cated at laboratories engaged in the 
development and design of airborne or 
space-vehicle instrumentation. These in- 
clude NASA facilities at the Naval Re- 
search Laboratory, Washington, D.C.; 
the Jet Propulsion Laboratory at Cali- 
fornia Institute of Technology, Pasa- 


Accelerations, vibrations, heating, and 
extremes of low pressure to which satel- 
lites and space probes are subjected 
during launch and free flight are severe. 
Preliminary systematic testing of the in- 
strumented payloads under conditions 
which resemble those to be encountered 
later is essential. Examples of test equip- 
ment for this purpose are shown. (Top) 
A satellite is prepared for test in a vacuum 
chamber. The lamps visible inside the 
chamber are used to heat the satellite dur- 
ing the test cycle [Courtesy U.S. Navy]. 
(Middle) A satellite is observed while 
being rotated about its spin axis so that 
any residual dynamic unbaiance can be 
found and corrected. [Courtesy U.S. 
Navy]. (Bottom) A satellite is mounted 
on a vibrational testing machine [Cour- 
tesy U. S. Navy]. 
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dena; the Army Ballistic Missile Agency 
in Huntsville, Ala.; and the Air Force 
Ballistic Missile Division, Inglewood, 
Calif. Such test facilities have also been 
established by a number of major com- 
mercial contractors of NASA and the 
Department of Defense. 


Telemetry 


The transmission back to earth of in- 
strument readings has been accom- 
plished both with continuous transmis- 
sions and with storage of data and sub- 
sequent periodic “read-out” by radio 
command. Both phase and amplitude 
modulation have been used. Reception 
of a complete record for a satellite em- 
ploying continuous telemetry requires an 
extensive network of receiving stations 
placed so that at least one is always 
within the line of sight of the satellite. 
Despite the severity of this requirement, 
excellent though not complete records 
have been obtained for U.S.-IGY satel- 
lites by this method. 





Uy 


The alternate scheme, involving read- 
out of data upon command, was planned 
originally for the Vanguard satellites 
and was used successfully in Explorer 
III and Vanguard II. With the satellites 
containing a data-storage system sufhi- 
cient for one orbit, it is possible for a 
complete record to be obtained from 
read-outs made once each orbit as the 
satellite passes over the “picket fence” 
array of tracking stations. 

Satellite experiments in the U.S.-IGY 
effort have so far involved a communi- 
cation rate of only a few cycles per 
second. Even when data gathered dur- 
ing a full revolution have been com- 
pressed for read-out transmission during 
passage over a tracking station, the com- 
munications bandwidth has not  ex- 
ceeded 15 kilocycles per second. Design 
of experiments for narrow-band signals 
was considered preferable not only be- 
cause less power is required for such 
communication but also because the 
simpler design increases reliability, 

As space science experiments become 


more complex, increased demands upon 
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and improvements of telemetry capabil- 
ities may be expected. With the present 
state of the art, communications capa- 
bilities approach video bandwidths for 
ranges of several hundred miles, Limi- 
tations are of an engineering rather than 
a basic nature. Capability also exists for 
maintaining signal bandwidths of a few 
tens of cycles out to distances of the 
order of 100 earth radii and, according 
to the Jet Propulsion Laboratory, it 
should be possible by 1962 to communi- 
cate at 30-cycles-per-second bandwidth 
to a distance of about 1000 earth radii 
or to about one-tenth of that distance 
with a voice channel of 3 kilocycles per 
second. 


Tracking 


Facilities for tracking satellites by 
radio and optical means and for the 
computation of orbital position as a 
function of time have been established 
as a part of the U.S.-IGY program. 
These facilities are now being operated 








IGY satellites are tracked by a network of radio interferometer stations. This diagram shows a typical arrangement of antenna pails 
at such a station (left). Comparison of the phase differences between signals received at the various antennas from the satellite's 
transmitter establishes the position of the satellite [Courtesy Bendix Radio Corporation]. The 85-foot diameter trainable antenna of the 
Goldstone Tracking Station of the Jet Propulsion Laboratory is one of a group of radio telescopes used for tracking deep space probes 
(right). Devices of this sort are suitable for tracking objects in space so long as their angular rates are low. The same high-gain an- 
tennas also serve for receiving telemetry signals [Courtesy U.S. Army]. 


200 SCIENCE, VOL. 130 





an 
na 


int 
mi: 
M 
ne 


fa 


— = fk [66a 


an 


by 
the 
s a 


hed 


‘am. 
ated 











| pairs 
ellite’s 
of the 
probes 
in an- 


OL. 130 





and expanded by the National Aero- 
nautics and Space Administration. 

The radio tracking network consists of 
interferometer stations, operating at 108 
megacycles per second, at Blossom Point, 
Md.; Fort Myers, Fla.; Mt. Cotopaxi, 
near Quito, Ecuador; Lima, Peru; Anto- 
fagasta and Santiago, Chile; San Diego, 
Calif.; Woomera, Australia; Antigua, 
British West Indies; and Esselen Park, 
South Africa. These stations are also 
equipped for command read-out of tele- 
metry. Some are also equipped for track- 
ing at 40 megacycles per second. An- 
other group of stations, primarily for 
reception of telemetry and disposed for 
wider longitudinal coverage, includes 
sites at San Gabriel and Earthquake 
Valley, California.; Cape Canaveral, 
Fla.; Huntsville, Ala.; White Sands, 
N.M.; Ibadan, Nigeria; and Singapore. 
Arrangements have been made for en- 
listing the aid of the Jodrell Bank Ex- 
perimental Station in England for the 
tracking of deep space probes, and three 
smaller radio telescopes, to operate as 
a group, are also being set up for this 
purpose. The first of these is at Gold- 
stone, California. A number of addi- 
tional radar and space vehicle recep- 
tion stations has also been put in oper- 
ation by the Department of Defense. 

Precise observations suitable for the 
computation of definitive orbits for satel- 
lites are made by the IGY optical track- 
ing network, now operated by the Na- 
tional Aeronautics and Space Adminis- 
tration and the Smithsonian Astrophys- 
ical Observatory. This network includes 
the following stations, each equipped 
with an F: 1, 20-inch photo telescope: 
White Sands, N.M.; Florida, near Palm 
Beach; Curacao, Netherlands West In- 
dies; Arequipa, Peru; Villa Dolores, 
Argentina; Olifantsfontein, South Af- 
rica; Cadiz, Spain; Shiraz, Iran; Naini 
Tal, India; Woomera, Australia; Mitaka, 
Japan; Haleakala, Maui, Hawaii. 

Plans for the centralized reduction 
and compilation of both telemetry and 
orbital data are «nder study by the Na- 
tional Aeronautics and Space Adminis- 
tration. In the meantime, it is custom- 
ary to provide the experimenter with 
magnetic tape records of the telemetry 
signals in the form if which they are 
received. 

Orbital data provide a correlation of 
scientific data with the position of the 
instrument package in space. These data 
can be furnished to the scientist as a 
tabulation of co-ordinates or orbital sub- 
points and vehicle altitude, given at 
specified instants of time. At present, the 
uncertainty of the positions in space so 
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The Baker-Nunn IGY satellite tracking camera shown here is one of 12 installed on a 
world-wide basis for photographing artificial satellites against the star background. Ac- 
curately timed photographs from these cameras, collated and reduced by the Smith- 
sonian Astrophysical Observatory, have assisted in establishing definitive orbits for even 
the smallest satellites. The 15-centimeter sphere 195862 has been photographed re- 
peatedly at various distances and by the Australian station at Woomera at the extreme 
range of nearly 4000 kilometers. [Courtesy Smithsonian Astrophysical Observatory] 


defined is somewhat less than 10 kilo- 
meters. For experiments requiring higher 
precision, improvement is undoubtedly 
possible. 


Space Science Board 


The establishment of the Space Sci- 
ence Board of the National Academy 
of Sciences was announced on 2 August 
1958, by Detlev W. Bronk, president of 
the Academy. The purpose of this board 
is, in the broadest terms, to ensure the 
constructive support of the scientific 
community for a sound and imagina- 
tive program of scientific research in 
space. On the domestic scene, its func- 
tions in this regard are to be the focus 
of the interests and advisory responsi- 


bilities of the Academy-Research Coun- 
cil in space science; to draw the atten- 
tion of scientists to the problems and 
opportunities in space research, and to 
provide advice as they may require. In 
international scientific affairs, the board 
acts as the instrument for collaboration 
with the International Council of Sci- 
entific Unions and serves thereby to pro- 
mote the cooperation of American sci- 
entists with international programs of 
space research. 

It was noted at the time of its estab- 
lishment that, in conformity with the 
academy’s tradition, the Space Science 
Board would function solely in an ad- 
visory capacity. Provision for the oper- 
ational aspects of the conduct and sup- 
port of space research has been made 
by law in the establishment of the gov- 
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ernment agencies cited above. It is clear 
also that the board’s advisory functions 
must be of a dual nature: it must serve 
not only the needs of government but 
also the needs of the scientific commu- 
nity by giving audience to and advice 
on the problems and suggestions of indi- 
vidual scientists and research institu- 
tions. 

At the time of the board’s formation, 
the National Aeronautics and Space 
Administration had not yet come form- 
ally into existence. In order to assist in 
the formulation of the beginnings of a 
sound research program the board took 
the initiative of soliciting proposals and 
suggestions for research in space, a task 
which had already been recognized and 
begun by the Satellite Panel of the acad- 
emy’s IGY Committee. The widespread 
response to these requests provided the 
basis for a series of recommendations for 
a beginning research program. It is grati- 
fying to note that these recommendations 
have, essentially in their entirety, been 
incorporated into the research program 
of the National Aeronautics and Space 
Administration. In view of the success 
of these initial endeavors and the rapidly 
developing strength and competence of 
the National Aeronautics and Space 
Administration, the board now feels free 
to devote its efforts more particularly to 
the consideration of the longer-term 
problems in space research, to study the 
support which space research may re- 
quire in the future from other related 
branches of fundamental scientific en- 
quiry, and to examine the problems of 
individual research workers in universi- 
ties and elsewhere. 

In the discharge of these responsibili- 
ties the board expects, in addition to its 
regular meetings and those of its com- 
ponent committees, to arrange and spon- 
sor a series of open meetings and sym- 
posia on special problems in space 
research. The first of these was held in 
Washington during the meeting of the 
National Academy of Sciences in April 
of this year under joint sponsorship with 
the American Physical Society and the 
National Aeronautics and Space Ad- 
ministration. Special reports on scien- 
tific aspects of space exploration will 
also be published from time to time; the 
first of these is due for publication in a 
few months. 

The board’s membership consists of 
the following: L. V. Berkner (chair- 
man), H. S. Brown, Leo Goldberg, H. 
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K. Hartline, D. F. Hornig, W. A. Noyes, 
Jr.. R. W. Porter, B. B. Rossi, A. H. 
Shapley, J. A. Simpson, S. S. Stevens, 
H. C. Urey, J. A. Van Allen, O. G. Vil- 
lard, Jr., Harry Wexler, G. P. Woollard, 
Hugh Odishaw (executive director), 
and R. C. Peavey (secretary). The 
board has established the following 12 
committees to deal with particular as- 
pects of space science. 

Committee 1, Chemistry of Space 
and Exploration of Moon and Planets: 
H. C. Urey (chairman), H. S. Brown 
(vice-chairman), Harmon Craig, Mark 
Inghram, Frank Press, G. de Vaucou- 
leurs, F. L. Whipple, H. F. York, H. H. 
Hess, G. A. Derbyshire (secretary) 

Committee 2, Optical and Radio As- 
tronomy: Leo Goldberg (chairman), 
L. H. Aller, H. W. Babcock, A. D. Code, 
J. W. Evans, John Findlay, Herbert 
Friedman, Roger Gallet, F. T. Haddock, 
Jr., Lyman Spitzer, Jr., Martin Schwarz- 
schild (Alt.), Otto Struve, E. R. Dyer 
(secretary ) 

Committee 3, Future Vehicular De- 
velopment: D. F. Hornig (chairman), 
Abe Silverstein, J. P. T. Pearman (sec- 
retary) 

Committee 4, International Rela- 
tions: R. W. Porter (chairman), W. O. 
Fenn, H. E. Newell, Jr., H. P. Robert- 
son, A. W. Frutkin (secretary) 

Committee 5, Immediate Problems: 
R. W. Porter (chairman), G. A. Der- 
byshire (secretary) 

Committee 6, Space Projects: B. B. 
Rossi (chairman), Thomas Gold, S. E. 
Luria, Philip Morrison, J. P. T. Pear- 
man (secretary) 

Committee 7, The Ionospheres of the 
Earth and Planets: A. H. Shapley 
(chairman), H. G. Booker, J. W. 
Chamberlain, Robert Jastrow, C. G. 
Little, Laurence A. Manning, R. C. 
Peavey (secretary) 

sommittee 8, Physics of Fields and 
Particles in Space: J. A. Simpson 
(chairman), J. A. Van Allen (vice- 
chairman), J. W. Chamberlain, William 
Kraushaar, E. N. Parker, E. H. Vestine, 
John Winckler, Stanley Ruttenberg (sec- 
retary ) 

Committee 9, General Engineering 
Service and Co-ordination: O. G. Vil- 
lard, Jr. (chairman), E. C. Buckley, 
J. P. T. Pearman (secretary) 

Committee 10, Meteorological As- 
pects of Satellites; H. W. Wexler 
(chairman), C. C. Bates, George Ben- 
ton, E. M. Cortright, Sigmund Fritz, W. 


UPL 





W. Kellogg, Norman Phillips, Ernst 
Stuhlinger, V. E. Suomi, W. K. Widger, 
Jr.. E. R. Dyer (secretary) 

Committee 11, Psychological and Bio- 
logical Research: H. K. Hartline (chair- 
man), S. S. Stevens (vice-chairman), 
H. J. Curtis, L. E. Farr, Joshua Leder- 
berg, E. F. MacNichol, Otto Schmitt, 
E. L. Tatum, G. A. Derbyshire (secre- 
tary ) 

Committee 12, Geodesy: G. P. Wool- 
lard (chairman), Paul Herget, R. K. C. 
Johns, D. A. Lautman, William Marko- 
witz, J. A. O’Keefe, W. J. O’Sullivan, 
D. A. Rice, Hellmut Schmid, C. A. 
Whitten, E. R. Dyer (secretary) 


International Cooperation 


On the international scene, the Com- 
mittee on Space Research (COSPAR) 
was established by resolution of the In- 
ternational Council of Scientific Unions 
in October of 1958. The function of this 
committee is to assist in the advance- 
ment on an international scale of fun- 
damental research carried out with the 
use of rockets or rocket propelled ve- 
hicles. The membership includes repre- 
sentatives of the appropriate interna- 
tional scientific unions, the scientific 
institutions of those countries having 
satellite or other space research pro- 
grams, and others having special inter- 
ests in space science. The Space Science 
Board, in its international role, repre- 
sents the interests of the Academy and 
the American scientific community on 
COSPAR. 

Three working groups have been es- 
tablished by COSPAR to study, respec- 
tively, (i) tracking and telemetry, (ii) 
proposals for scientific experiments and 
research programs, and (iii) arrange- 
ments and methods for exchange and 
publication of data. In addition, the 
functions of the ICSU Committee on 
Contamination by Extra-terrestrial Ex- 
ploration (CETEX), which had _ been 
established before COSPAR came into 
existence, have now been transferred to 
COSPAR. 

In essence, COSPAR provides a 
means for continuation of the coopera- 
tive IGY programs of rocket and satel- 
lite research. It is to be hoped that this 
committee will be able not only to carry 
on but also to broaden and intensify the 
fruitful scientific relations which char- 
acterized the IGY programs. 
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Poleward Migration of 


Early Angiosperm Flora 


Angiosperms only displaced the relict Jurassic-type 


flora at high latitudes in Late Cretaceous time. 


Cretaceous floras record one of the 
major events in the biological history of 
the earth: the transformation from a 
world dominated by typically Jurassic- 
type ferns, seed ferns, and gymnosperms 
early in the period to a later Cretaceous 
landscape in which flowering plants of 
near-modern type were characteristic 
and world-wide in their distribution. 
This change in vegetation raises many 
problems for consideration, one of which 
pertains to the geographic center of 
origin of the group. The widely diver- 
gent opinions regarding this problem are 
evident in viewpoints which have favored 
temperate Holarctica (1), the Southern 
Hemisphere (2), Antarctica (3), the an- 
cient tropical belt (4), and Southeast 
Asia (5) as the general area of early 
angiosperm evolution. I recently reexam- 
ined these ideas while preparing a re- 
view paper on the evolution of flowering 
plants in which attention was directed 
chiefly to the origin and evolution of 
present-day distribution patterns. As an 
outcome of this analysis, additional evi- 
dence was uncovered which strengthens 
the view that flowering plants evolved in 
tropical regions during pre-Cretaceous 
time. To avoid any possible confusion, 
it must be emphasized that this ancient 
tropical belt—which appears to reflect 
the normal climate of most of geologic 
time—was quite extensive. To judge 
from the paleoclimatic implications of 
fossil plants, the belt extended 2% least 
to latitudes 45°N and 45°S from the 
Permian into the Cretaceous, the inter- 
val during which angiosperms appear to 
have been evolving prior to their first oc- 
currence in abundance (4). 

The evidence supporting the belief 
that flowering plants originated in this 
broad tropical belt during pre-Creta- 
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ceous time is provided by the spatial re- 
lations of the earliest floras that contain 
angiosperms. The spatial relations seem 
to show that flowering plants first entered 
the lowland record within the tropical 
belt at lower middle latitudes at the be- 
ginning of the Early Cretaceous, that 
they reached high latitudes late in the 
epoch, and that with few exceptions they 
became dominant there only in Late 
Cretaceous time. In this article, the evi- 
dence which appears to demonstrate this 
relation is summarized first, and then its 
implications are outlined. 


Early Cretaceous Sequences 


In order to present concisely and 
clearly only the significant data which 
bear on the problem, the floras have 
been grouped according to the five major 
regions where they occur in sufficient 
number to warrant consideration. For 
each area a diagram has been prepared 
in which the floras are plotted according 
to latitude, age, and angiosperm content 
(Figs. 1-5). The curve in each figure 
represents an approximate time line that 
largely separates floras with no angio- 
sperms (below) from those with them 
(above). The percentage of angiosperms 
shown for each flora is not precise be- 
cause some of the floras need taxonomic 
revision and others are based on an in- 
adequate number of samples. However, 
the critical point is not the exact per- 
centage but the relative abundance— 
whether they are rare (less than 10 per- 
cent), moderately common (10 to 30 
percent), common (30 to 60 percent), 
abundant (60 to 80 percent), or pre- 
dominant (over 80 percent). 

With respect to the age assignment 


of the floras shown in the figures, those 
marked with an asterisk occur in sections 
that interfinger with the marine Creta- 
ceous rocks which have been zoned 
chiefly on the basis of ammonites. Thus, 
they afford a relatively sound basis for 
determining the essential contempora- 
neity of sedimentary units and their con- 
tained fossils in widely separated parts 
of the world; current research on marine 
Cretaceous microfossils (foraminifera, 
discoasterids) has largely substantiated 
and further refined the correlations made 
on the basis of the megafaunas. A num- 
ber of the remaining floras (marked by 
a dagger in the figures) are reasonably 
well fixed in time on the basis of their 
occurrence in_ stratigraphic sections 
which are dated either by vertebrate or 
by marine faunas. 

North American region (Fig. 1). The 
oldest floras containing angiosperms are 
the Patuxent of Maryland-Virginia and 
the Lower Horsetown of California. 
Floras of generally similar age at higher 
latitudes, such as the Kootenai of Mon- 
tana, Alberta, and the British Columbia, 
the Nikanassin of Alberta and British 
Columbia, and the Tantalus from Yukon 
Territory, Canada, are not now known 
to contain flowering plants. Angiosperms 
do not appear in Canada until Aptian 
time, when they make up only 1 to 2 
percent of the Lower Blairmore and 
Gething floras. At the same time, how- 
ever, the angiosperm content of floras at 
lower latitudes had increased, as shown 
by the Funson (45 percent) of Wyo- 
ming; even the older Arundel of Mary- 
land has 25 percent angiosperms. A 
predominant Jurassic aspect was main- 
tained by the floras at higher latitudes 
well into the Albian stage, as illustrated 
by the Kennicott flora of south-central 
Alaska and by the Corwin flora from the 
arctic seacoast of Alaska, neither of 
which is now known to contain flowering 
plants. By contrast, floras of similar age 
at middle latitudes—for instance the 
Upper Blairmore (40 percent) and 
Cheyenne (50 percent)—have a promi- 
nent angiosperm content. 

These relations show that, in general, 
angiosperms entered lowland areas at 
higher latitudes in rocks of successively 
younger age and only displaced the relict 
Jurassic vegetation there during the Late 
Cretaceous. 

Northeast Asian region (Fig. 2). An- 
giosperms have not yet been described 
from the numerous floras of Neocomian 
age that are known in northeastern Asia. 





The author is on the staff of the department of 
geology, University of California, Los Angeles. 
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Fig. 1. North American region. Time-space relations of Early Cretaceous floras and the percentage of angiosperms they contain. 


They first appear in the Aptian of Us- 
suriland (Suchan). By Albian time they 
made up nearly 45 percent of the Upper 
Keisho flora of Korea, but at higher lati- 
tudes in Siberia, Albian floras contain 
few members of the alliance. As in 
Alaska and Greenland, the delayed ap- 
pearance of angiosperms in the lowland 
floras of northeast Asia is reflected in 
the fact that even the mid-Cretaceous 
(Cenomanian-Turonian) floras of the 
region rarely contain more than 40 per- 
cent angiosperms. Thus, the Yezo flora of 
Hokkaido has approximately 40 percent 
flowering plants; the Gyliakian of north- 
ern Sakhalin, 30 percent; and the Peku- 
leni of Anadyrland, 20 percent. 

Although the evidence is less complete 
than for North America, it suggests that 
angiosperms gradually invaded higher 
latitudes from more southerly areas dur- 
ing the Early Cretaceous, and that north- 
ern Siberia was a refuge for remnants of 
the Jurassic flora well into the Late Cre- 
taceous, a view expressed earlier by 
Vakhrameev (6). 

West European region (Fig. 3). The 
general time-space relations of the more 
important Early Cretaceous floras show 
that angiosperms were represented in 
Portugal during the Neocomian. How- 
ever, contemporaneous floras to north- 
ward, such as the Wealden of England, 
France, Belgium, and adjacent areas, do 
not contain them, nor are they repre- 
sented in the floras from Spitzbergen, 
Franz Josef Land, the King Karl Island 
in the Arctic Ocean. During Aptian time 
the floras of Portugal contained 25 per- 
cent angiosperms, but angiosperms are 
less abundant in the Greensand of Eng- 
land, where they are represented only by 
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wood, which probably was carried into 
the lowland basin from bordering high- 
lands. To the northward, the Aptian 
floras of Klin, U.S.S.R., and Pattorfik, 
Greenland, do not contain angiosperms. 

The Kome flora of Greenland, with 
10 percent angiosperms, was once con- 
sidered to be the oldest Cretaceous flora 
containing flowering plants. This led 
Seward, Berry, and others to champion 
the idea that flowering plants had their 
origin in high northern latitudes from 
which they gradually spread southward 
during the Cretaceous. More recent evi- 
dence indicates that the Kome is rela- 
tively high in the Early Cretaceous, and 
that it may be as young as Albian (7). 
Such an assignment is wholly consistent 
with the time-space relations of angio- 
sperms in the well-dated Albian floras 
of Alaska and northeastern Siberia dis- 
cussed above, and on this basis the Kome 
is here assigned an Albian age (Fig. 3). 
Such an assignment is consistent with 
the persistence of a dominant (55 to 60 
percent) Jurassic-type element into the 
Late Cretaceous (Turonian, Campan- 
ian) Atane and Patoot floras of Green- 
land. By contrast, floras of similar and 
of even greater age (Cenomanian, Al- 
bian) at lower latitudes in Europe and 
North America are preponderantly an- 
giospermous. 

These relations support the thesis that 
angiosperms were migrating northward 
during the Cretaceous, and that they 
only displaced the older Jurassic-type 
vegetation at high latitudes during the 
Late Cretaceous. 

Australia-New Zealand region. (Fig. 
4). Angiosperms are not now known in 
floras of Neocomian age in the Austra- 


lia-New Zealand region. They first ap- 
pear in Australia in the Styx River and 
Winton floras of transitional Aptian-Al- 
bian age. The evidence in New Zealand, 
as revealed chiefly by recent pollen stud- 
ies, shows that flowering plants entered 
the record there only in Albian time. The 
small flora from Kaipara, New Zealand, 
associated with ammonites of Turonian 
age, indicates that a Jurassic-type floral 
element was dominant well into mid- 
Cretaceous time in the lowlands of the 
region, much as it was in northern 
Alaska, Greenland, and Siberia. 

The data are still incomplete, it is 
true, but the results to date agree with 
those indicated for the other regions dis- 
cussed above. 

South American region (Fig. 5). At 
the present time only a few floras are 
known from South America, yet they 
are sufficiently significant to warrant 
comment. The Lago San Martin flora, 
which has strong Jurassic affinities and 
was assigned to the Neocomian with con- 
siderable reservation by Halle, is now 
known, on the basis of associated am- 
monites, to overlap the Aptian-Albian 
boundary. The older floras of the region, 
apparently Neocomian, do not contain 
flowering plants. The data thus show 
that angiosperms did not invade the low- 
lands of southern Patagonia (latitude 
45°S) until late in the Early Cretaceous 
(Albian), when they were also appear- 
ing in New Zealand at a comparable 
latitude. 

This evidence leads to the inference 
that Jurassic-type vegetation persisted at 
high southern latitudes well into the Late 
Cretaceous, much as it did in the North- 
ern Hemisphere. 
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Discussion 


Available evidence for all regions thus 
indicates that angiosperms initially in- 
vaded lowland basins at generally lower 
latitudes and appeared in the record at 
higher latitudes only in the later part of 
the Early Cretaceous. Even by mid-Cre- 
taceous (Cenomanian-Turonian) time, 
many high-latitude floras still had a 
prominent relict Jurassic element (more 
than 50 percent), whereas floras at lower 
latitudes were preponderantly angio- 
spermous. This poleward migration of 
angiosperms during Early Cretaceous 
time can best be explained on the as- 
sumption that angiosperms evolved 
within the ancient tropical belt (lati- 
tudes 45°N to 45°S). With such a cen- 
ter of origin, it naturally follows that 
flowering plants would appear first in the 
record at lower latitudes and enter the 
lowland basins of higher latitudes at a 
later time. This conclusion, based on the 
time-space relations of angiosperms, 
agrees with both distributional and evo- 
lutionary evidence provided by Late Cre- 
taceous and Cenozoic flowering plants, 
which also suggests that the phylum 
evolved within the tropical zone (4). 
The absence of angiosperms from the 
record there in pre-Cretaceous time 
seems chiefly due to the fact that they 
were confined to upland areas earlier in 
their history. 

Several important factors appear to 
account for the fact that angiosperms 
did not invade the lowlands at a given 
latitude simultaneously during any par- 
ticular stage of the Early Cretaceous. 

1) If angiosperms were evolving in up- 
land areas prior to the Cretaceous, they 


would have initially entered lowland 
basins situated near mountainous tracts. 
This seems to explain their early appear- 
ance at lower middle latitudes in Cali- 
fornia, Maryland, and Portugal. Con- 
versely, lowland basins situated in nearly 
level regions generally remote from up- 
land angiosperm populations were in- 
vaded at a somewhat later date. Such a 
relation may explain, at least in part, 
their apparent absence from the Neo- 
comian floras of such tropical regions as 
India, northern Australia, central Africa, 
and Venezuela; available evidence indi- 
cates that the sedimentary basins of 
these regions were situated in low-lying 
tracts generally remote from areas of 
high relief. 

2) An edaphic factor may account for 
their delayed appearance in the lowland 
record in some regions. Many of the 
Early Cretaceous basins which have 
yielded fossil floras were typified by con- 
ditions favorable for coal formation. 
These swampy lowland basins were 
dominated by ferns, seed ferns, and 
various gymnosperms which were highly 
adapted to such environments. By con- 
trast, flowering plants were evolving 
chiefly in well-drained, upland regions 
and only became adapted to swampy 
sites secondarily. Thus, their late ap- 
pearance in lowland areas in some basins, 
even though these basins were bordered 
by uplands, may have been due to the 
persistence of swampy sites of wide ex- 
tent which they could not yet invade. 
Future pollen studies in such basins may 
reveal that flowering plants actually were 
present in the nearby highlands. 

3) Favorable relict sites probably en- 
abled the older Jurassic-type vegetation 





to persist for a somewhat longer inter- 
val in some areas, much as the Tropical- 
Tertiary geofloras lingered on the west 
coasts of the northern continents at mid- 
dle latitudes into the Late Miocene. 

4) The factors involving transport 
and preservation may explain the ab- 
sence of angiosperms from the record in 
some cases. For example, the Aptian 
Glen Rose flora of Texas is preserved in 
the marine Glen Rose limestone. The 
plant collection represents drifted ma- 
terial composed chiefly of structures 
well suited to transport, such as stems, 
twigs, and cones. Thus, it is possible that 
angiosperms, which were only moder- 
ately common at this latitude (32°N) 
during the Aptian, did not survive trans- 
port to this marine site of deposition. 
This would be particularly true if the 
low, swampy shores (coal is found in the 
section) were dominated by conifero- 
phytes, cycadophytes, and ferns which 
were persisting in a favorable relict site, 
and if flowering plants were on more 
distant, well-drained slopes sufficiently 
remote—perhaps only a few miles away 
—to preclude their occurrence in the 
marine section. 

5) A combination of these factors may 
also explain the slightly different times 
of appearance of angiosperms in the rec- 
ord in a given region. For instance, some 
of the Albian floras of Alaska (sce 7) 
are reported to occur in well-dated ma- 
rine sections, but the percentage of an- 
giosperms in them deviates from the 
idealized curve in the diagram (Fig. 1). 
We must not forget, however, that this 
region is very complex structurally, that 
the sections are incompletely exposed, 
and that many of the collections were 
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secured by early reconnaissance expedi- 
tions. Thus, some of these Alaskan floras 
may actually have stratigraphic positions 
other than those to which they have been 
assigned. Pertinently, Martin (8) notes 
that some of the marine fossils may 
come from older rocks which were er- 
roneously correlated with the plant- 
bearing beds. 

These limitations, as well as the gen- 
eral scarcity of fossil floras in the South- 
ern Hemisphere, must be taken into ac- 
count, but the evidence nonetheless sug- 
gests that, for a given stage, angiosperms 
had penetrated farther north than south. 
For instance, they are represented in the 
Neocomian of California, Virginia, and 
Portugal, but no Neocomian flora now 
known from the Southern Hemisphere 
contains them. Similarly, during the 
Aptian they had ranged northward to 
latitude 50°N in Ussuriland, western 
Canada, and England, yet in the South- 
ern Hemisphere they occurred only at 
low latitudes during this stage. 

Furthermore, whereas angiosperms 
had reached latitude 70°N in the Albian 
(Greenland, northern Alaska, northern 
Siberia), they were only commencing 
to appear at middle latitudes (45°S) in 
the Southern Hemisphere (New Zea- 
land, Patagonia) at this time. By con- 
trast, at middle latitudes in the Northern 
Hemisphere, most Albian floras have a 
dominant angiosperm element. These 
geographic relations are sufficiently 
striking to suggest that flowering plants 
may have evolved chiefly in the tropical 
parts of the Northern Hemisphere. How- 
ever, since angiosperms may already 
have been in existence in upland areas 
by the Permian (4), and because the 
record of the group is exceedingly frag- 
mentary into the Early Cretaceous, the 
data obviously do not permit us to sug- 
gest any one area as the cradle of origin. 

Apart from these relationships, which 
indicate that flowering plants evolved in 
generally tropical latitudes, the evidence 
demonstrates that age analysis of Early 
Cretaceous floras must take into account 
time-space relations analogous to those 
shown by Tertiary forests (9). The 
numerous differences in apparent age 
which have existed for nearly a century 
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as deduced from the testimony of fossil 
plants and from that of marine inverte- 
brates—often recovered from the same 
section—seem chiefly due to the fact 
that the time-space factor has not pre- 
viously been considered by paleobota- 
nists. As we have seen, typically Jurassic- 
type vegetation persisted in scarcely 
modified form at high northern and mid- 
dle southern latitudes well into the clos- 
ing stage (Albian) of the Early Creta- 
ceous. This survival clearly accounts for 
Knowlton’s (10) assignment of the Cor- 
win flora from the Arctic seacoast of 
Alaska to the Jurassic, though recent 
evidence shows that the plant-bearing 
beds overlie conformably a marine sec- 
tion containing later Albian ammonites 
Similarly, we can now understand 
Halle’s (12) uncertainty over the age of 
the Lago San Martin flora from Pata- 
gonia. Halle felt that it was Jurassic but 
assigned it to the Early Cretaceous 
(Neocomian) because fragments of Cre- 
taceous-type ammonites were found in 
the section; more recent collections show 
that these marine fossils are transitional 
Aptian-Albian (/3). Arber (1/4) also 
noted the Jurassic character of the flora 
from Waikato Head, New Zealand, but 
pronounced it Neocomian because two 
species of angiosperms were included in 
the collection. We now know that the 
specimens studied by Arber were mixed 
from two different localities and that 
the angiosperms are from much younger 
rocks (15); further, the Waikato Head 
flora apparently is underlain by rocks of 
Neocomian age. Lastly, we may recall 
that the floras from Spitzbergen, Franz 
Josef Land, King Karl Island, and 
Kotelny Island in the Arctic Ocean, as 
well as many of those in arctic Siberia, 
originally were assigned to the Jurassic, 
though they occur in sections which yield 
Cretaceous marine invertebrates (16). 


Summary 


1) During the opening phase of the 
Early Cretaceous (Neocomian), angio- 
sperms commenced to invade lowland 
basins of deposition at generally lower 


latitudes. They reached high northern 
and middle southern latitudes at the 
close of the epoch (Albian) and only 
replaced the relict Jurassic-type vegeta- 
tion at high latitudes during the early 
part of Late Cretaceous time. 

2) This poleward migration of angio- 
sperms is consistent with the theory that 
the phylum had its center of origin and 
dispersal at tropical latitudes, which 
ranged between 45°N and 45°S in pre- 
Cretaceous time. 

3) Recognition of the time-space fac- 
tor involved in the Early Cretaceous 
poleward migration of angiosperms re- 
moves most of the conflicts in the testi- 
mony on age supplied by fossil plants 
and by marine invertebrates—conflicts 
which have persisted for nearly a cen- 
tury (17). 
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News of Science 


Decentralized Science Plan 


Approved by Soviet Academy 


Soviet scientific research, until re- 
cently rigidly directed by a central 
agency, will be decentralized to a greater 
extent in the future. Only a small num- 
ber of the most important programs, 
such as those concerned with controlled 
fusion and space exploration, will re- 
main under strong central control. Plan- 
ning and administrative authority for 
most other programs and projects will 
be transferred to the research institutes 
that actually do the work. This change, 
which resulted from the recent annual 
meeting of the Soviet Academy of Sci- 
ences, reflects a major shift in Soviet 
policy. Previous policy statements of the 
academy have stressed the need for cen- 
tralized direction of science. 

Behind these changes is the recent 
adoption by the academy of a new con- 
stitution, which is said to be more demo- 
cratic than the one it replaces, which 
dates back to 1935. News of the new 
constitution was made public in a re- 
cent issue of Vestnik, the official organ 
of the academy. The new document and 
the changes it calls for were endorsed 
by V. A. Kirillin, head of the Communist 
Party’s science division. 

In addition to fusion and space ac- 
tivities, high-temperature metallurgical 
research, advanced computer develop- 
ments, and certain areas of chemistry 
will remain under central direction, ac- 
cording to A. N. Nesmeyanov, president 
of the academy. However, the presidium, 
the directing body of the academy, which 
at one time had, in effect, complete au- 
thority over planning of the most im- 
portant scientific projects, will now be 
joined by other groups in exercising this 
function. Authority to develop projects 
other than the 30 or so “high-priority” 
ones which will be listed in a document 
titled “Basic Directions of Scientific Re- 
search in the U.S.S.R. will be transferred 
to the various research centers, of which 
there are about 1000. 
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Centralization Attacked 


In a news article in Pravda, Kirillin 
combined approval of the new changes 
with an attack on past practices in Soviet 
science management. “It would be diffi- 
cult to imagine,” he said, “that any one 
central institution, even if it had the 
most qualified people, could study com- 
petently and in a short time the vast 
amount of material that it would receive 
from all the scientific organizations.” 
The idea that this could be done, he 
said, should be rejected at once. The 
proper function of the central institu- 
tion that until recently had this role— 
the Academy of Sciences 





is pointedly 
stressed in the new constitution. The 
academy is “directly subordinate to the 
Council of Ministers of the U.S.S.R. to 
which it submits an annual report of its 
activities.” A number of old practices 
of the academy have been changed or 
abolished. New members will be elected 
annually, rather than irregularly as in the 
past. There will be no more honorary 
members, and all future members will 
have to be working scientists. Meetings 
of the academy’s general assembly will 
have to be held at least twice a year. 


Plan Reverses 1950 Move 


The new constitution is apparently 
designed to give greater autonomy to 
the many research institutes scattered 
around the country. It is an attempt, 
according to some commentators, to 
achieve actual democratic operation in 
matters concerned with all but the most 
critical research programs. The com- 
mentators, however, point out that the 
1935 constitution was also nominally 
democratic but that the academy in fact 
controlled all scientific programs in dis- 
regard of the charter. How the new move 
will succeed is anyone’s guess. One point 
can be made, however. The plan that 
was revealed by Vestnik represents a 
major and surprising shift in Soviet pol- 
icy. Just 9 years ago, according to one 
student of Soviet organization, the trend 





was in exactly the opposite direction, 
The scholar Alexander Vucinich, a re- 
search associate at the Hoover Institute 
at Stanford University, wrote in his study 
The Soviet Academy of Sciences, pub- 
lished in 1956, that “prior to 1950 there 
was considerable room left for both un- 
planned research and so-called intrain- 
stitute planning, both of which allowed 
scholars to participate, at least on a part- 
time basis, in self-initiated research. 
Since 1950, an intensive campaign has 
been under way to eliminate all the 
areas of independent research and sub- 
ordinate everything to the plan.” 





Satellite Systems Proposed 
To Detect Atom Blasts in Space 


Scientists representing the three nu- 
clear powers at Geneva have recom- 
mended that one of three satellite sys- 
tems be used to detect atomic blasts in 
space. The recommendations, if accepted 
by the United States, Great Britain, and 
Russia, would become part of a general 
treaty for a ban on testing nuclear 
weapons. Negotiations on such a treaty 
have been under way since last October. 

The new proposals, if accepted, would 
be the basis for a critical detection net 
which would be used to assure that there 
would be no violations of a test ban. 
Controversy over the feasibility of effec- 
tive controls has been one of the major 
stumbling blocks of the long-drawn-out 
Geneva talks. 

Under the proposals, satellites weigh- 
ing several thousand pounds would be 
put into orbit to monitor and report on 
atomic blasts in outer space. Three pos- 
sible systems were proposed by the 
Geneva experts. One calls for five or six 
satellites orbiting at altitudes of more 
than 18,000 miles. These would be 
equipped with the necessary instrumen- 
tation and would be so distributed as to 
allow for complete surveillance of the 
earth. Because of the cost of this sys- 
tem, the scientists offered two alternate 
systems. One would employ six to ten 
satellites orbiting at an altitude of about 
350 miles. This, according to the experts’ 
report, would allow for complete  sur- 
veillance with the exception of limited 
and predictable areas. The third system 
would employ a smaller number of satel- 
lites at about the same altitude as those 
of the second system, and there would 
be similar blind areas. 

Western sources emphasized that the 
proposed detection system was com- 
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pletely feasible in terms of present tech- 
nology. No new inventions will be 
needed, but much hard engineering work 
will have to be done, it was stated. 

The United States’ scientists were led 
by Wolfgang K. H. Panofsky, head of 
the high-energy physics laboratory at 
Stanford University. The leader of the 
Soviet group was Yevgeny K. Fedorov 
of the Soviet Academy of Sciences. 
Henry Hulme, adviser to the Defense 
Ministry, was the British leader. 

Western observers hailed the comple- 
tion of the report in less than 3 weeks 
as a major achievement. 


Non-nuclear Club Proposal 
Studied in England 


A plan for the formation of a “non- 
nuclear club” of major nations other 
than the United States and Russia is 
currently being debated in England. The 
proposal, that the possession of nuclear 
weapons be limited to these two coun- 
tries through voluntary action on the 
part of club members, has been ad- 
vanced, in slightly different forms, by 
the Labor Party and by the editors of 
the influential Manchester Guardian. Ac- 
cording to English commentators, the 
Labor Party’s attitude toward the plan 
was originally passive. In recent weeks, 
however, its attitude has changed to one 
of active advocacy, with leading mem- 
bers of the party, such as Gaitskell and 
Bevan, taking part in the campaign. One 
version of the non-nuclear club proposal 
was discussed in the 25 June issue of the 
Guardian; the following questions and 
answers are taken from that discussion. 


What Is Proposed ? 


The British are to try to stop the 
spreading of nuclear weapons to fourth, 
fifth, and sixth nations and so to the 
nth nation. Our Government should seek 
an agreement through the United Na- 
tions that nobody except the Americans 
and Russians will make or acquire any 
nuclear weapons. If such agreement is 
reached the British must be ready to de- 
stroy or hand over their separate weap- 
ons, 


Why Leave Out the 
Americans and Russians? 


Because an agreement which lets 
them keep their weapons will be easier 
to negotiate. Each of them—quite 
rightly—regards its bombs and missiles 
as vital to its security against the other. 
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Neither will give them up for a long 
time to come. But other nations apart 
from the British do not possess nuclear 
weapons. Therefore they are being asked 
only to deny themselves something that 
they have so far done without. 

The United States and Russia must, 
however, support the agreement. They 
must undertake not to supply weapons 
to anyone else. 


What about Control? 


Control is possible in two ways. The 
first is to check the use of all fissile ma- 
terials produced by reactors, which is 
said to be technically practicable. The 
second is to find out whether countries 
are equipping themselves with medium 
or long-range missiles. Such missiles are 
one of the principal means of delivering 
nuclear weapons, and they are too ex- 
pensive to be worth producing except 
for use with nuclear warheads. This 
form of control leaves two loopholes- 
the chance that the Americans and Rus- 
sians may secretly supply someone else, 
contrary to the agreement, and the 
chance that aircraft rather than missiles 
may still be used to carry nuclear bombs. 
There can be no thorough protection 
against these possibilities. (Nor, of 
course, is there thorough protection in 
any other practicable policy. ) 


What Is Gained? 


Chiefly a reduction in the risk of nu- 
clear war. If the spreading of weapons 
is not stopped, sooner or later someone 
will use them. Once anyone uses them 
a world war is likely (though not cer- 
tain) to come by a chain reaction. This 
is because of the premium which to-day’s 
nuclear weapons place on instant ac- 
tion. You must hit back at once or your 
means of retaliation may be destroyed. 
Bombers on airfields and missiles on 
fixed land bases are vulnerable; and if 
country X (large or small) has reason 
to suppose that its potential enemy Y 
is preparing an attack or has launched 
one, it must get its bombers or missiles 
into the air at once. (Bombers can be 
recalled: cannot.) Nuclear 
weapons to be effective as a deterrent 
must be constantly ready for firing. Con- 
sequently X and Y, even if politically 
not in a crisis of conflict, militarily must 
remain tensely alert against each other. 

At present, when only three nations 
manufacture nuclear weapons, it may 
be possible to prevent their spreading. 
Once a number of nations have them, 
international control will be beyond at- 


missiles 


tainment. When a bomb or warhead has 
been made or stored it can be discov- 
ered only by a screwdriver. Further, as 
a former chief of staff of the LR.A. 
(now the Irish Foreign Minister) has 
said, the weapons of armies to-day be- 
come the weapons of revolutionary 
movements to-morrow. 

Small nations, with less to lose than 
large industrialized nations, may be 
more ready to risk using their nuclear 
weapons. And, the more widely these 
weapons are distributed, the greater the 
risk that they will come under the con- 
trol of unstable governments or impetu- 
ous officers. 


Can It Help towards Comprehensive 
Disarmament? 


Yes. You have to have a starting 
point, which may be with ending tests, 
or with a form of disengagement in 
Europe, or with stopping the spread of 
nuclear weapons—or with all three. The 
Americans and Russians are unlikely at 
present to allow thorough inspection of 
their factories or bases, so there is value 
in a control system which can be dem- 
onstrated in practice first on the territory 
of other nations. To say that it should 
not be accepted until there is general 
agreement on comprehensive disarma- 
ment is like saying that the United 
Nations should not have been accepted 
because it was less than an effective 
world government. The non-nuclear 
club can be one of the stages on the 
road to greater disarmament. 


What about the French? 


The French Government is now so 
fully committed to making its own 
bombs that it cannot stop or be stopped. 
It can, however, be asked to join the 
British after it has proved its bomb- 
making ability. It can be asked to spon- 
sor the non-nuclear club jointly with 
the British. Will it do so? Not if Presi- 
dent de Gaulle is immovably convinced 
that Western Europe must build a de- 
terrent force of its own, so that it can 
stand apart from the Americans. But if 
he is chiefly concerned with securing 
equality of status with the British, his 
point can be met. 


And the Chinese? 


The Chinese may be brought into the 
non-nuclear club as part of an agree- 
ment to admit them to the United Na- 
tions. Alternatively, if they insist on 
parity with the Americans and Russians 
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the proposal may have to be revised. It 
may then be necessary to suggest that 
the British and French—or the British, 
French, and West Germans jointly— 
continue to hold their weapons. In effect 
two nuclear powers on each side would 
then exist. An attempt would have to be 
made to get the non-nuclear club spon- 
sored by nations such as Japan, india, 
and Sweden. But obviously the greater 
the number of nations who insist on hav- 
ing their own weapons the less the hope 
of ever forming a non-nuclear club. 


What about NATO? 


The British proposal will have to be 
agreed beforehand with our allies in 
NATO. It ought to be as much in 
their interests as it is in ours. The dan- 
gers which flow from a multiplication of 
nuclear nations are common to all. 

The difficulties here will lie in Gen- 
eral Norstad’s insistence on the need for 
tactical atomic weapons in Europe. This 
can be overcome in either of two ways. 
One is to let the Americans hold these 
weapons on behalf of the alliance (as 
substantially they do at present). The 
other is to recognize that tactical weap- 
ons cannot be used in Europe without so 
great a risk of all-out war that they are 
not worth having. 


And American Bases? 


These can remain in Britain. The 
non-nuclear club need not prevent their 
presence here. On the contrary, since the 
American strategic deterrent remains (as 
to-day) the key element in Western de- 
fence, the Americans ought to be given 
what facilities they want in the British 
Isles. So long as we shelter under the 
American’s umbrella—as we have done 
ever since 1945—we must be ready to 
help hold it aloft. 

When the Americans have produced 
enough reliable long-range missiles their 
need for overseas bases will decline. We 
have to recognize that they will then be 
less ready to risk an all-out war in de- 
fence of Western Europe. Their military 
guarantee of Western Europe may then 
become less reliable. This is one disad- 
vantage of the non-nuclear club. West- 
ern Europe will be more vulnerable to 
Soviet threats. But at the same time if 
the Americans return to their earlier 
monopoly of nuclear weapons in the 
West their obligation to Europe is in- 
creased. 


How Many Must Agree? 


Before the club can be formed those 
countries which might have nuclear 
weapons in the next decade or so must 
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come in. They include France, China, 
Japan, Sweden, Switzerland, Western 
Germany, Eastern Germany, India, 
Pakistan, Israel, the United Arab Re- 
public, Argentina, Poland, 
Czechoslovakia, Bulgaria, 
Turkey, Canada, Australia, 
South Africa, and possibly some others. 
It is doubtful whether the club could 
be of any value if one of these countries 
stood out against it. But again they share 
a common interest in trying to prevent 
the spread of nuclear weapons. 

The Americans and Russians must 
underwrite the agreement. If they were 
to agree also to inspection of their use 
of fissile materials—to begin, say, two 
years after the club had been formed— 
that would be most helpful. 


Brazil, 
Hungary, 
Greece, 


Is It Likely To Succeed? 


That depends in part on whether any 
British Government is willing to pursue 
the proposal with vigor. The British at 
present are particularly well placed to 
take the initiative. At later dates others 
may be better placed. 


What if Other Countries Refuse ? 


Any British Government is bound to 
leave itself freedom of action in that 
event. It may choose to retain its sepa- 
rate weapons—although it may think 
that the development of new weapons is 
economically not worth while—or it 
may not retain them. Most probably it 
will be best to keep what it has in an 
increasingly uncomfortable world. 





Space Agency-Pentagon Liaison 


Group Given New Authority 


The Civilian-Military Liaison Com- 
mittee, a governmental group composed 
of representatives of the Nativnal Aero- 
nautics and Space Administration and 
the Defense Department, has been given 
expanded authority by President Eisen- 
hower to deal with jurisdictional differ- 
ences that arise between the two agen- 
cies. Both NASA and the Department 
of Defense are concerned with space 
projects. In the past, when conflicts 
arose between them, either had the op- 
tion of asking the liaison committee to 
mediate. Under the new charter which 
President Eisenhower has recently ap- 
proved, such conflicts must be mediated 
by the committee whether or not either 
of the participants requests such action. 
In a related development, William M. 
Holaday, chairman of the committee, 
was released from other duties, includ- 





ing that of director of guided missiles, 
to spend full time on liaison problems. 

The action reflects a continuing ef- 
fort by the Administration, under the 
prodding of Congress, to establish order 
and lines of authority among the many 
federal agencies concerned with space 
activities. Last February, similar action 
was taken when Herbert York, director 
of defense research and engineering, was 
given explicit authority to approve, 
modify, or disapprove programs and 
projects of all Department of Defense 
agencies, including the military services. 


Cut in Space Budget 


In another development involving the 
space agency, the House of Representa- 
tives cut $68 million from NASA’s pro- 
posed budget of $530 million. This re- 
duction, agency officials warned, will 
have the effect of slowing down United 
States efforts to place a man in space. 
The funds are needed, a spokesman 
said, for research and for the procure- 
ment of space capsules for Project Mer- 
cury, NASA’s 
gram. 

Behind the cut are arguments put 
forth by Representative Albert Thomas 
(D-Tex.), a member of the House of 
Representatives’ Appropriation Commit- 
tee. Thomas has commented that the 
space agency has “more money than 
they can spend wisely.” He also sug- 
gested that NASA should not be rushed 
in its activities. 

After the House action was taken, T. 
Keith Glennan, administrator of NASA, 
issued a statement saying that the rec- 
ommendations of the committee imper- 
iled American leadership in space re- 
search. “We cannot win this race,” he 
said, “without all-out support from Con- 
gress.” Congress itself had set the goal 
of leadership in space, he continued, by 
enacting the legislation that created 
NASA. According to an agency spokes- 
man, the cuts would have a critical ef- 
fect on the research and development 
programs which form the core of 
NASA’s activities. In addition to slowing 
the man-in-space program, the spokes- 


manned-satellite — pro- 


man said, the cuts would force curtail- « 


ment of new tracking-range plans, slow 
down the schedule of satellite and space- 
probe shots, and delay development of 
more powerful boosters and vehicles of 
advanced design. 

Agency officials are hoping for a 
restoration of the cuts by the Senate, 
which also has to pass on NASA’s re- 
quest for funds. Even full restoration by 
the Senate, however, would probably not 
wholly offset the action of the House, 
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because the House and Senate appro- 
priations will have to be reconciled by 
compromise. It is unlikely that the 
House will reverse itself and finally al- 
low the full amount in this compromise. 
Most usually the final appropriation fig- 
ure falls between the upper and lower 
limits set by each chamber. 





Atomic Clock To Orbit 


A 30-pound atomic clock to be carried 
in an orbiting satellite is being devel- 
oped, to give Einstein’s general theory of 
relativity “the most searching check of 
its 43 years.” The prototype of the clock 
is now under construction at the Hughes 
Aircraft Company’s research laboratories 
at Culver City, Calif., under a $200,000 
development contract from the National 
Aeronautics and Space Administration. 
The clock will be accurate to within 3 


seconds in 100 billion; this means an 
error of no more than 3 seconds in 3171 
years. NASA has given similar contracts 
to the National Bureau of Standards and 
to Massachusetts Institute of Technol- 
ogy for other types of very precise clocks. 
Any actual satellite-clock launching is 
probably several years away, NASA said. 
Before the launching, the atomic clock 
would be synchronized with another 
clock on the ground. The satellite would 
then orbit, at an altitude, for example, 
of 8000 miles, traveling about 18,000 
miles an hour. The orbiting clock would 
generate a highly stable current with a 
frequency of 24,000 megacycles per sec- 
ond. By means of electronic circuits the 
rate of these oscillations would be re- 
duced to a rate at which precise labora- 
tory measurements could be conveni- 
ently made. The “ticks” would be trans- 
mitted by radio for comparison with 
data from the clock on the ground. 





Harold Lyons, inventor of the first atomic clock, examines the tubular core of another 


model which is to be put into orbit around the earth to check Einstein’s general theory 
of relativity. 
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Administration Reaffirms 


Stand on Nuclear Plane 


The Administration has rejected pro- 
posals for early construction of a flying 
model of a nuclear-powered aircraft. 
The proposals, which had been exam- 
ined in the past, were brought up for 
review at the insistence of members of 
the Joint Congressional Committee on 
Atomic Energy, who cited the propa- 
ganda advantages of building such a 
plane before the Soviet Union does. In 
rejecting the “fly early” proposals the 
Administration indicated that efforts 
would be concentrated on development 
of more advanced reactor fuel elements 
for the reactor-jet-engine combination 
that will eventually power the craft. 

The decision reflects the Adminstra- 
tion’s belief that more research is needed 
before an adequately performing power 
plant can be developed for the plane. 
This point has recently been stressed by 
White House science advisers and Pen- 
tagon officials. In his last speech before 
leaving office, James Killian, chairman 
of the President’s Science Advisory Com- 
mittee, spoke of the need for careful 
preliminary work before continuing the 
nuclear plane project. Herbert York, re- 
search chief of the Department of De- 
fense, said in testimony before a House 
committee that he believed the over-all 
cost of developing such a plane would 
be at least $10 billion. It has been esti- 
mated that approximately $1 billion has 
been spent on the project over the past 
13 years. 

Members of the Joint Congressional 
Committee on Atomic Energy described 
the Administration’s move as a “back- 
ward step” that will postpone the first 
flight of a nuclear airplane by at least 
2 years. Representative Melvin Price 
(D-Ill.), chairman of the Atomic Energy 
Research subcommittee, announced that 
public hearings would be held next 
month on the Administration’s “lack of 
decision” on the controversial project. 


Scientists in the News 


WARREN WEAVER, vice president 
for the natural and medical sciences of 
the Rockefeller Foundation, will retire 
on 1 August. At that time he will be- 
come vice president of the Alfred P. 
Sloan Foundation. He will continue his 
activities on the National Science 
Board, on the National Advisory Cancer 
Council, on the Council for Library Re- 
sources, as vice chairman of the Health 
Research Council of the City of New 
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York, and as vice president and chair- 
man of the committee on scientific pol- 
icy of the Sloan-Kettering Institute for 
Cancer Research. After 1 July he will 
make his home in New Milford, Conn. 


KENNETH STREET, deputy direc- 
tor of the University of California’s 
Lawrence Radiation Laboratory, Liver- 
more, has been appointed professor of 
chemistry on the Berkeley campus. 


CHARLES G. OVERBERGER, 
head of the chemistry department at the 
Polytechnic Institute of Brooklyn, has 
been elected chairman of the New York 
section of the American Chemical So- 
ciety. 


CLARENCE ZENER, director of the 
Westinghouse Research Laboratories, 
Pittsburgh, Pa., will receive the John 
Price Wetherill Medal from the Frank- 
lin Institute on 21 October. 


VERNON CHEADLE, chairman of 
the department of botany at the Univer- 
sity of California, Davis, recently left 
for Australia, where he will spend 9 
months on sabbatical leave with the Di- 
vision of Forest Products, Common- 
Scientific and Industrial Re- 
search Organization, Melbourne. 


wealth 


PETER H. NASH, associate profes- 
sor of city and regional planning and 
research associate in the Institute for 
Research in Social Science at the Uni- 
versity of North Carolina, has been ap- 
pointed head of the University of Cin- 
cinnati’s new department of geography, 
effective 1 September. The university’s 
department of geology and geography 
will be broken down into two separate 
departments at that time. 


JOHN H. HAMMOND, Jr., presi- 
dent of the Hammond Research Cor- 
poration and a director of the Radio 
Corporation of America, will be awarded 
the Elliott Cresson Medal by the Frank- 
lin Institute, Philadelphia, Pa., on 21 
October. 


MORRIS SCHAEFFER, director of 
the Virus and Rickettsia Laboratories of 
the U.S. Public Health Service’s Com- 
municable Disease Center, has been ap- 
pointed director of the Bureau of Labo- 
ratories for the City of New York 
Department of Health. He will also serve 
as a member of the Public Health Re- 
search Institute in New York City and 
as professor of medicine, New York 
University-Bellevue Medical Center. 
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GEORGE lL.. HAGEN, Jane Coffin 
Childs fellow in the department of bot- 
any at Harvard University, has been ap- 
pointed research associate of the Insti- 
tute for Cancer Research, Philadelphia, 
Pa. JOHN G. TORREY, associate pro- 
fessor, of botany at the University of 
California, Berkeley, will be a visiting 
associate member of the institute for 6 
months, beginning in July. JAKOB 
REINERT, lecturer at the Botanisches 
Institut der Universitat, Tiibingen, Ger- 
many, will also spend 6 months at the 
Institute for Cancer Research, beginning 
in September or October. 


ELIAS J. COREY, 
chemistry at the University of Illinois, 
has been appointed professor of chem- 


professor of 


istry at Harvard University. 


HARRY SOBOTKA, chemist-in- 
chief at Mount Sinai Hospital, New 
York, will lecture during August in 
Brazil, at the Instituto Oswaldo Cruz in 
Rio de Janeiro and at other institutions 
in Brazil, Uruguay, and Chile. 


EMERSON W. CONLON has taken 
leave of absence as director of research 
at Drexel Institute of Technology to ac- 
cept appointment as assistant director of 
aeronautical and space research with the 
National Aeronautics and Space Admin- 
istration, as of 6 July. He succeeds 
ADDISON ROTHROCK, who is now 
scientist for propulsion in the National 
Aeronautics and Space Administration’s 
Office of Program Planning and Evalu- 
ation. 


Brigadier General JOHN K. CUL- 
LEN, director of plans and hospitaliza- 
tion, Office of the Surgeon General, U.S. 
Air Force, has been appointed deputy 
surgeon general of the Air Force, effec- 
tive 1 August. He succeeds Major Gen- 
eral OLIN F. McILNAY, who will re- 


tire. 


HENRY A. BOORSE, chairman of 
the Barnard College physics department, 
has been appointed dean of the faculty 
at Barnard. He succeeds THOMAS P. 
PEARDON, who is resuming full-time 
teaching in the department of govern- 
ment in addition to taking on new duties 
as editor-in-chief of the Political Science 
Quarterly. 


HENRY W. HICOCK, head of the 
department of forestry at the Connec- 
ticut Agricultural Experiment Station, 
New Haven, since 1946, will retire after 
42 years’ affiliation with the station. 





Recent Deaths 


JACOB E. FINESINGER, Balti- 
more, Md.; 57; head of the Psychiatric 
Institute and founder and head of the 
psychiatric department at the University 
of Maryland; had taught at Harvard 
University and studied in the Soviet 
Union under Pavlov; 19 June. 

Sir IAN C. ROSS, Melbourne, Aus- 
tralia; 60; chairman of the Common- 
wealth Scientific and Industrial Re- 
search Organization since 1949; for- 
merly professor of veterinary science at 
Sydney University; director of scientific 
personnel with the Commonwealth Di- 
rectorate of Manpower and adviser on 
pastoral industry to the Department of 
War Organization of Industry, 1942-45; 
20 June. 

GRACE M. SICKLES, Troy, N.Y; 
61; associate research scientist in the 
Division of Laboratories and Research 
of the New York State Department of 
Health and a member of the department 
since 1918; codiscoverer of the Coxsackie 
virus, identified during a study of out- 
breaks of poliomyelitis in New York 
State; performed extensive research on 
various antibacterial serums; 29 June. 

ALBERT N. STEWARD, Corvallis, 
Ore.; 62; professor of botany and cura- 
tor of the herbarium at Oregon State 
College, since 1951; previously head of 
the botany department at the University 
of Nanking, China, for 30 years; 19 
June, 

ABRAHAM STONE, New York; 68; 
urologist; associate clinical professor of 
preventive medicine at the New York 
University—Bellevue College of Medi- 
cine, and a faculty member of the New 
School for Social Research; director of 
the Margaret Sanger Research Center 
since 1941; founder and president of the 
American Association of Marriage 
Counselors and vice president of the 
Planned Parenthood Federation; special 
consultant on family planning to the 
World Health Organization; coauthor of 
Planned Parenthood; 3 July. 

JOHN G. TAPPERT, Philadelphia, 
Pa.; 53; physicist with the U.S. Army 
Ordnance’s Frankford Arsenal, Phila- 
delphia, Pa., where he had been em- 
ployed since 1935; inventor of instru- 
ments for the control of artillery fire, 
including automatic computers for anti- 
aircraft guns; 12 June. 

PHILIP J. ZLATCHIN, New York; 
46; professor of psychology at New York 
University’s Graduate School. of Arts 
and Science and professor of education 
at the university’s School of Education; 
3 July. 


SCIENCE, VOL. 130 





alti- 
tric 

the 
rsity 
vard 
viet 


Aus- 
10n- 
Re- 
for- 
e at 


tific 


45; 


1¥is 
the 
arch 
it of 
nent 
ickie 
out- 
York 
h on 
1e. 
allis, 
cura- 
State 
id of 
arsity 
- 19 


3 68; 
or of 
York 
Medi- 
New 
or of 
enter 
yf the 
riage 
f the 
ecial 
» the 
or of 


|phia, 
Army 
Phila- 
 em- 
nstru- 
fire, 

anti- 


York; 
York 

Arts 
cation 
ation; 


YL. 130 





Book Reviews 


The Ineffective Soldier. vol. 1, The 
Lost Divisions. Eli Ginzberg, James 
K. Anderson, Sol W. Ginsburg, and 
John L. Herma. xx +225 pp. vol. 2, 
Breakdown and Recovery. Eli Ginz- 
berg, John B. Miner, James K. An- 
derson, Sol W. Ginsburg, and John 
L. Herma. xvii + 284 pp. vol. 3, Pat- 
terns of Performance. Eli Ginzberg, 
James K. Anderson, Sol W. Gins- 
burg, John L. Herma, Douglas W. 
Bray, William Jordan, and Francis J. 
Ryan. xix+340 pp. Columbia Uni- 
versity Press, New York, 1959. $6 
per volume. 


These three volumes present the re- 
sults of a major investigation by the 
Conservation of Human_ Resources 
Project of Columbia University, begun 
in 1950 and carried out under the di- 
rection of Eli Ginzberg. The authors 
attempt to tell “what really happened 
during World War II in the screening 
and utilization of the several million 
men who had mental and emotional 
handicaps” and to find a relationship 
between the loss of millions of men to 
the services, either through the original 
screening procedure or through subse- 
quent separation because of some fail- 
ure in performance during service, and 
the manpower policies responsible for 
the situation. It is the expressed hope 
of the authors that such an assessment 
will prepare the ground for more sen- 
sible selection and utilization policies in 
the future. A secondary goal is the 
derivation of guide-lines which will be 
of assistance to industrial management 
in meeting the civilian problems of se- 
lection, utilization, and, presumably, 
separation of employees in American 
industry. 

Use is made of the rough over-all fig- 
ures on selection and rejection of re- 
cruits, as provided by the induction 
centers, and on over-all enrollment and 
subsequent separation, as provided by 
the military services. These mass data 
are supplemented by a more intensive 
(though admittedly still superficial) 
study of 3854 Army recruits enrolled 
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during the last four months of 1942 and 
subsequently separated from the Army 
because of poor performance. This sam- 
ple represents approximately 5 percent 
of the 72,700 men subsequently dis- 
charged for reasons of performance 
from among the 1,764,900 men enrolled 
during this period. A more intensive 
study, utilizing data from the Veterans 
Administration and from a question- 
naire sent to many of the men, is made 
of a smaller sample of 534 cases. Some 
of the authors’ sweeping pronounce- 
ments concerning the military man- 
power situation during World War II, 
therefore, derive from a distinctly lim- 
ited number of cases representing a rela- 
tively short period of time. 

The three volumes are published as 
an integrated series, but each is written 
in such a way that it may be read sepa- 
rately with profit. As a result there 
is considerable overlap, and one gets 
the impression that a single, concisely 
edited, large volume would have been 
both adequate and more modest. Publi- 
cation of three separate volumes seems 
somewhat pretentious. In listing the 
volumes in the order of their impor- 
tance and contribution to the authors’ 
goals, I would place the last volume 
first, the first volume second, and the 
second volume a poor third. 

Volume 1, The Lost Divisions, gives 
a sympathetic account of the difficulties 
involved in the sudden creation of a 
mass army and the near chaos that re- 
sulted from manpower policies that 
were often unrealistic, always vacillat- 
ing, and never fully explained to the 
men delegated to execute them. The 
description is accurate, the comment 
penetrating, but the conclusions, while 
sound, bear no tight logical relation to 
the statistics used to buttress them. The 
authors are talking wisely and to the 
point, but one feels that they are speak- 
ing from a broad background of per- 
sonal experience rather than with au- 
thority based on their experimental 
findings. The impression constantly re- 
curs, throughout the study, that the 
data were collected on a post hoc basis 


to justify an a priori set of logical con- 
clusions. As a result, the authors emerge 
as better publicists ‘and humanitarians 
than scientists. 

The volume also contains an analysis 
of the relation to performance of such 
background factors as age, marital sta- 
tus, educational level, and race. Noth- 
ing is added here to the classical pic- 
ture already presented in many earlier 
studies by previous investigators. There 
is a basic conflict, damaging to the ar- 
gument but apparently not disturbing 
to the authors, between the firmness of 
the conclusions and the frequent inade- 
quacy of the data upon which the con- 
clusions are based. If the examinations 
conducted at the induction centers were 
as crude and as productive of errors as 
the authors claim, it is difficult to see 
how any confidence can be placed in 
statistics derived from the examina- 
tions. Again, if Army manpower poli- 
cies were as stupidly conceived and as 
carelessly executed as is implied here, 
what validity can we attribute to the 
data resulting from these procedures? 

Volume 2, Breakdown and Recovery, 
consists of a collection of brief case his- 
tories selected to illustrate the various 
types of performance in such problem 
areas as personality, family pressure, 
military organization, cultural conflict, 
and situational stress. The histories 
average from 800 to 1000 words each 
and, admittedly, “cannot be used for an 
exhaustive clinical analysis.” They are 
accompanied by simple summaries, in 
the nature of pleasant little homilies, 
which often overstate the facts and cer- 
tainly are to be considered educational 
and missionary endeavors rather than 
scientific interpretations. Here again one 
feels that the authors are writing as 
publicists in a good cause rather than 
as investigators objectively analyzing re- 
search data. 

Volume 3, Patterns of Performance, 
the most comprehensive and interesting 
of the three volumes, integrates the 
mass statistical data and the clinical 
materials and brings in some new and 
interesting approaches to readjustment 
by interpreting the follow-up data ob- 
tained through the Veterans Adminis- 
tration. This section is fresh and novel, 
but once more the interpretations range 
beyond the limits set by the somewhat 
superficial and inadequate data. Cer- 
tainly the Veterans Administration pro- 
cedures will neither stand nor fall on 
the basis of the statistical findings pre- 
sented here. 

There is also a chapter on the man- 
agement of men, designed to spell out 
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the lessons applicable to civilian indus- 
try, but it bears no close relation to the 
data that precede it. Again one senses 
the touch of the publicist rather than 
the scientist. 

The prose style is lively and inter- 
esting, and the books are pleasant to 
handle and easy to read. The busy ex- 
ecutive who wishes an introduction to 
the problems of military manpower will 
find it here. The serious researcher in 
the field, however, will be disappointed. 
The story has all been told elsewhere, 
usually with more data and more so- 
phisticated experimental designs. With- 
out wishing to detract from the valuable 
work of the Conservation of Human Re- 
sources Project, I note with pleasure 
that current military research in the 
manpower field is well ahead of the 
civilian effort represented here. 

WituiaM A. Hunt 
Department of Psychology, 
Northwestern University 


Hunger and Food. Special edition of 
Science and Mankind. Josué de Cas- 
tro, Ed. World Federation of Scien- 
tific Workers, London, 1959. 123 pp. 
10s. 


A few years ago UNESCO sponsored 
a series of publications entitled Food 
and People. These six booklets, ranging 
in size from 24 to 64 pages, dealt with 
the problem of food supply and popula- 
tion and were written in a remarkably 
lucid, comprehensive, scientific, and 
forthright manner. The subjects covered 
are indicated by the titles: Food and 
the Family, by Margaret Mead; UN 
Sets the Table, by Peter Kihss; Food 
and Social Progress, by André Mayer; 
Distribution of the World’s Food, by 
Stefan Krolikowski; Are There Too 
Many People?, by Alva Myrdal and 
Paul Vincent; and Food, Soil, and Peo- 
ple, by Charles E. Kellogg. The authors 
tried to set the stage for thoughtful dis- 
cussions, and they avoided pompous and 
partisan statements on insufficiently doc- 
umented points. The keynote of the 
series was perhaps exemplified in this 
quotation by André Mayer: “The popu- 
lation problem is not a simple problem 
to be resolved .. . by a mere change in 
the agriculture technique. It is also an 
economic problem, an educational prob- 
lem, and a social problem. It is a prob- 
lem involving the whole organization of 
society.” 

An organization called the World Fed- 
eration of Scientific Workers has just 
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published, under the editorship of Josué 
de Castro, a book entitled Hunger and 
Food, which is almost a parody of the 
UNESCO series on the same subject. 
The introductory chapter, by de Castro, 
is full of such vague notions as “biologi- 
cal possibilism,” “antagonisms of nutri- 
tion principles,” and “advance agents 
preparing the ground for tuberculosis, 
tracoma, leprosy, verminoses, and other 
gastrointestinal parasitoses.” The key- 
note of the introduction is that the sym- 
posium will be “useful to all those who 
wish in some way to participate in this 
universal crusade which is inescapable in 
view of the circumstances presented— 
that is, in the universal crusade of strug- 
gle against hunger.” 

The second chapter, by Lord Boyd 
Orr, delivers an utterly confused politi- 
cal diatribe. In the first part Orr dis- 
penses such pearls of wisdom as “they 
[the peoples of the European nations] 
were not prepared to die to make the 
world safe for either Communism or 
Capitalism,” and he proclaims that free- 
dom from war could be secured if a 
world police force were created to en- 
force the decision of an effective court of 
justice. No thought is given to the fact 
that, were the world ready to create such 
instruments, there would be very little 
reason to fear a world war anyway. After 
some generalities on technology and 
medicine, Orr poses the question: “What 
number of people can the earth sup- 
port?” Most of the data he quotes—on 
the Bengal famine, the nutritional situa- 
tion of the United States in the 1930's, 
the postwar recovery, and so forth—have 
little relevance to the world as it is to- 
day. However, they can be used to sup- 
port both of the attitudes which Orr has 
struck in past years and which he at- 
tempts to reconcile here: that of a nu- 
tritional banshee claiming that the world 
is on the verge of starvation, and that of 
a prophet of abundance proclaiming that 
“the world is rich” and that, by follow- 
ing a few simple organizational rules, 
everything will be straightened out in 
short order. 

The next chapter, by the late T. 
Roemer of Halle, Germany, is a sur- 
prisingly reasonable dissertation on Mal- 
thus, in which Roemer takes issue with 
Boyd Orr and points out that so far none 
of the dire predictions of Malthus have 
been confirmed and that they are not 
likely to be confirmed immediately, al- 
though it is difficult to foresee what may 
happen after the year 2000. 

The rest of the book continues to be 
uneven, with some acceptable chapters, 
in particular that by Michel Cepede of 





France and that by Cicely Williams of 
Great Britain. As an example of unac- 
ceptable “scientific” statements, one in 
the chapter on “Soil and man,” by F. E. 
Bear of Rutgers, can be cited: “the Shet- 
land pony turns into a horse when taken 
to a region where the forage is high in 
minerals and protein.” As an example of 
questionable political “fact,” the con- 
clusion of R. Dumont of Paris will serve, 
among others: “Economy based on prof- 
its is becoming weaker and having diffi- 
culty in adapting itself to a situation of 
relative abundance (relative, that is to 
say, to an inadequate purchasing power), 
is tending towards a futile malthusian- 
ism, towards a reduction to destitutism. 
This will shortly lead to its general con- 
demnation, if we persist in exposing its 
defects.” 

The papers by scientists from the other 
side of the Iron Curtain are mediocre. 
Masek, of Prague, asserts that the pro- 
tective influence of vitamin C with re- 
spect to atherosclerosis has been demon- 
strated. Yang En-Fu, president of the 
Agricultural Association of China, em- 
phasizes the “astonishing labor enthusi- 
asm of peasants in the cooperatives,” a 
statement which is not in accordance 
with the comments of less biased ob- 
servers. 

The book ends with a chapter by 
Kursanov and Nichiporovich of the 
Timiryazev Institute of Plant Physiology, 
Academy of Sciences, Moscow, who be- 
lieve that the problem of food supply 
will be solved by “raising the photosyn- 
thetic productivity of plants.” 

In summary, this book is in the main 
more a vague political manifesto than a 
scientific document; it is not likely to 
shed much light on the important prob- 
lem of food and population. 

JEAN Mayer 
Department of Nutrition, 
Harvard School of Public Health 


Translators and Translations. Services 
and sources. Francis E. Kaiser, Ed. 
Special Libraries Association, New 
York, 1959. iv+ 60 pp. $2.50. 


This very timely and useful guide 
represents a further effort on the part 
of the Special Libraries Association to 
assist librarians, literature scientists, and 
particularly the scientific community as 
a whole by bringing together informa- 
tion on widespread translation activities. 

Part 1, “Directory of translators,” lists 
services, rates, languages, subject spe- 
cialties, addresses, telephone numbers, 
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and other pertinent facts about 154 
translators in the United States. 

Part 2, “Pools of translations,” lists 
services, size, scope, languages, subject 
fields, and index publications for 42 
translation pools throughout the world. 

Part 3, “Bibliographies of transla- 
tions,” cites 83 published bibliographies 
of translations and includes an informa- 
tive abstract for each entry. 

A geographical-subject-language _ in- 
dex with cross references is included, to- 
gether with two appendixes: “Other 
services offered by translators” (that 
is, abstracting, photocopying, editing, 
searching, and so forth) and “Publish- 
ers of bibliographies” (which gives the 
mailing addresses of the publishers of 
bibliographies listed in part 3). 

The value of this guide would be en- 
hanced by inclusion of qualitative eval- 
uations of the translations produced by 
individual translators or organizations— 
perhaps in the form of ratings similar 
to the movie evaluations that appear in 
Consumer Reports. 

Cuaries M. GorrscHALk 
Science and Technology Division, 
Library of Congress 


Radiographic Atlas of Skeletal Devel- 
opment of the Hand and Wrist. Wil- 
liam Walter Greulich and S. Idell 
Pyle. Stanford University Press, Stan- 
ford, Calif.; Oxford University Press, 
London, ed. 2, 1959. xvi+256 pp. 
Illus. $15. 


The Greulich-Pyle Atlas, now in its 
second edition, has become a classic in 
its field. Regarded as indispensable to 
pediatricians and radiologists, the Atlas 
is also an important reference volume for 
general practitioners, experimental in- 
vestigators, and students of skeletal de- 
velopment, generally. 

The quality of reproduction of the 
plates in this edition surpasses even that 
of the handsome first edition. Several 
new standards have been introduced, so 
that in the current edition no unduly 
long intervals occur in the presentation 
of the developmental sequence. Revision 
of the section entitled “Maturity indica- 
tors” has been accomplished with the 
utmost clarity. In the developmental line 
graphs (skeletal versus chronologic age), 
the range of standard deviation, based 
on the normal population studied, may 
be appreciated more readily than as pre- 
sented in the first edition. Convenient 
scales are included on both the vertical 
and horizontal coordinates of the devel- 


24 JULY 1959 


opmental line graphs. The valuable 
tables for predicting adult height from 
skeletal age, by Bayley and Pinneau, 
which had been revised for use with the 
Greulich-Pyle hand standards, have 
been included in the second edition. 

The Atlas stands as a proud memorial 
to the much beloved, highly esteemed 
professor T. Wingate Todd. 

D. G. WALKER 

Department of Anatomy, Johns Hopkins 
University School of Medicine 


College Testing. A guide to practices 
and programs. Prepared by the Com- 
mittee on Measurement and Evalua- 
tion of the American Council on Edu- 
cation. The Council, Washington, 
D.C., 1959. 189 pp. $3. 


College Testing, prepared by the Com- 
mittee on Measurement and Evaluation 
of the American Council on Education, 
is intended for study and use by college 
teachers and administrators. Part 1 deals 
with the role and administration of meas- 
urement programs in college and dis- 
cusses the use of tests in the admission 
of students, the placement of students 
in courses, educational counseling, the 
evaluation of student performance in 
courses, and general institutional evalu- 
ation. Part 2 describes the testing pro- 
grams found at seven representative col- 
leges and universities: Chatham College, 
the College of the University of Chi- 
cago, Dartmouth College, College of 
Arts and Sciences of the University of 
Louisville, the Counseling Bureau of the 
University of Minnesota, Pasadena City 
College, and San Francisco State Col- 
lege. 

The aim of the Committee on Meas- 
urement and Evaluation was to write a 
statement on college testing which would 
be understandable and useful to the 
college teacher and administrator not 
trained in educational and psychological 
measurement. The authors hold the view 
that many tests and evaluation instru- 
ments are receiving less attention than 
they deserve, because many college teach- 
ers and administrators are unaware of 
their existence, their applicability, or 
their range of utility. College Testing is 
designed to give a minimum of back- 
ground information about testing and a 
description of ways in which some insti- 
tutions are using tests and, perhaps most 
important, to provide a stimulus to seek 
further information about testing. The 
committee is to be commended on its 
success in achieving this goal. 


It is difficult to write a statement of 
the kind which is attempted in College 
Testing. The reader who knows a good 
deal about testing may be inclined to 
say that he is already well versed in what 
is said about tests in this publication; 
the person with no background in test- 
ing may feel that he isn’t quite well 
enough prepared to read the statement 
with full comprehension. I believe that 
the statement will be of maximum use- 
fulness in a faculty seminar on testing, 
led by a specialist in this field. 

It seems to me that the usefulness of 
the book would have been enhanced by 
the inclusion in part 1 of more illustra- 
tive data. Such data are included only 
in connection with the analysis of test 
scores. The use of similar illustrative 
data in the discussion of other topics 
would have helped to clarify certain con- 
cepts and the application of test results 
to specific situations. The usefulness of 
tests in educational research could also 
have been given more emphasis. 

In the years immediately ahead, with 
the ever-increasing enrollments that are 
predicted, more and more tests will be 
used on the college campus. College 
Testing should provide a helpful starting 
point for faculty members, administra- 
tors, and test specialists to begin discus- 
sions of testing problems on a particular 
campus. 

Dewey B. Srurr 
State University of Iowa 


One Great Society. Humane learning in 
the United States. Howard Mumford 
Jones. Harcourt, Brace, New York, 


1959. xiii+ 241 pp. $4.50. 


This is an important book, written by 
just the right man, about a subject of 
fundamental national concern, and at a 
critical moment in the development of 
our country. Dealing authoritatively with 
our cultural heritage, the present state of 
our national values, and, by implication, 
with our readiness to play a mature role 
in helping to fashion tomorrow’s world, 
this work deserves the attention of all 
thoughtful Americans. 

This book, by a dean of American 
humanists, constitutes a brilliant course 
on the humanities. With his usual deft- 
ness Howard Mumford Jones disperses, 
by the use of clear definition and apt 
illustration, the vagueness which often 
surrounds terms such as culture and hu- 
manities. Good humanist that he is, he 
elucidates such values as respect for in- 
formation coupled with skill in using it; 
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the ability of the individual “living in 
the secret chamber of himself” to use 
“experience of beauty and faith to get 
[himself] through”; and collective confi- 
dence in presenting to the rest of the 
world “a coherent, sensible, and _per- 
suasive philosophy of democracy.” 

The author’s main purpose, however, 
is to alert us to a dangerous imbalance 
in our national culture. For example, in 
1951, the ‘per capita expenditure for 
original research in science was esti- 
mated to be $1800; in the social sciences, 
$600; and in the humanities, $130. The 
endowment of the American Council of 
Learned Societies is $65,000, that of the 
Social Science Research Council, about 
$3 million, while the National Research 
Council “does not have to worry about 
endowment since it is supported by the 
United States Government.” 

In urging a better balance, Jones val- 
ues the natural and social sciences too 
highly to suggest that they be deempha- 
sized, but he points out that support for 
the humanities does need to be brought 
into line. He proposes modestly that “we 
ought immediately to increase our sup- 
port ... by at least fifty million dollars 
a year—and then go on from there” and 
itemizes twenty specific needs which the 
humanities can be expected to meet. 
That we will not as a nation make the 
necessary effort, once we really under- 
stand the issues involved, is unthinkable. 
We must look to the humanists for vigor- 
ous leadership—the kind of leadership 
of which this book is an admirable ex- 
ample. 

THEODORE ANDERSSON 
Department of Romance Languages, 
University of Texas 


Miscellaneous Publications 


(Inquiries concerning these publications should be 
addressed, not to Science, but to the publisher or 
agency sponsoring the publication.) 


The Atlantic Cable. Bern Dibner. 
Burndy Library, Norwalk, Conn., 1959. 
95 pp. Cloth, $3.50; paper, $2.50. 

Australia, Commonwealth Scientific 
and Industrial Research Organization, 
Tenth Annual Report, 1957-58. Parlia- 
ment of the Commonwealth of Australia, 
Canberra, 1959. 174 pp. 14s. 

Axenic Culture of Invertebrate Meta- 
zoa: A Goal. Annals of the New York 
Academy of Sciences, vol. 77, art. 2, pp. 
25-406. Ellsworth C. Dougherty, Consult- 
ing Ed. The Academy, New York, 1959. 
$4.50. This series of papers is the result of 
a conference held and supported by the 
Academy and by the Kaiser Foundation 
of Oakland, Calif. The papers are divided 
as follows: part 1, “The lower Metazoa: 
free-living forms (except nematodes)”; 
part 2, “The lower Metazoa: parasitic 
worms and free-living nematodes”; part 


216 


3, “The Mollusca’; part 4, “The Arthro- 
poda: Crustacea and Chelicerata”; part 
5, ‘‘The Arthropoda: Insecta.” 

Better Utilization of College Teaching 
Resources. A summary report. Committee 
on Utilization of College Teaching Re- 
sources. Fund for the Advancement of 
Education, New York, 1959. 62 pp. 

The Biographical Approach to John 
Dalton. Manchester Literary and Philo- 
sophical Society, memoirs and proceed- 
ings, vol. 100. Frank Greenaway. The So- 
ciety, Manchester, England,1959. 98 pp. 
ele: 

The Chemical Industry Facts Book. 
Manufacturing Chemists’ Association, 
Inc., 1625 Eye St., NW, Washington, ed. 
3, 1959. 149 pp. $1.25. 

Commemoration of the Centennial of 
the Publication of “The Origin of Spe- 
cies” by Charles Darwin. Proceedings of 
the American Philosophical Society, Phil- 
adelphia, vol. 103, No. 2, pp. 159-319. 23 
Apr. 1959. $1. Contents: “The crucial 
evidence for human evolution” (W. E. 
LeGros Clark) ; ‘““The concept of natural 
selection: a centennial view” (I. M. Ler- 
ner); “Variation and heredity transmis- 
sion” (C. Stern) ; “Darwin’s views on var- 
iation under domestication in the light of 
present-day knowledge” (A. Miintzing) ; 
“Isolation as an evolutionary factor” (E. 
Mayr); “The role of hybridization in 
evolution” (G. L. Stebbins); “Variation 
and evolution” (T. Dobzhansky) ; “The 
nature of the fossil record” (N. D. New- 
ell) ; “Anatomy and morphology: Classi- 
fication and evolution, 1859 and 1959” 
(G. G. Simpson) ; “Darwin and zoogeog- 
raphy” (P. J. Darlington, Jr.). 

Current Research and Development in 
Scientific Documentation. No. 4. Office of 
Science Information Service, National 
Science Foundation, Washington (order 
from Supt. of Documents, GPO, Wash- 
ington 25). 85 pp. $0.15. 

Engineering Societies Directory, 1959. 
International and national joint bodies; 
national, state, regional, and local socie- 
ties; registration; Canadian societies. En- 
gineers Joint Council, 29 W. 39th St., 
New York, 1959. 36 pp. A revision of the 
1956 edition. 

An Evaluation of the First Academic- 
Year Institute, University of Utah, 1957- 
58. Frank B. Jex and Reed M. Merrill. 
University of Utah, Salt Lake City, 1959. 
65 pp. 

Geophysical Activity in 1958. Commit- 
tee on Geophysical Activity, Society of 
Exploration Geophysicists, Tulsa, Okla., 
1959. 36 pp. 

Germfree Vertebrates: Present Status. 
Annals of the New York Academy of Sci- 
ences, vol. 78, art. 1, pp. 1-400. James A. 
Reyniers, Consulting Ed. The Academy, 
New York, 1959. $5. This series of papers 
is a result of the conference sponsored by 
the Academy and the Runyon Memorial 
Fund for Cancer Research. The papers 
are divided as follows: part 1, “Instru- 
mentation for rearing germfree verte- 
brates”; part 2, “Rearing germfree verte- 
brates”; part 3, “Characteristics of germ- 
free and disease-free animals”; part 4, 
“Use of germfree vertebrates in research”’ ; 
part 3, “‘Present status and future devel- 
opment of germfree life studies.” 

Guides for Developing Curricula for 





the Education of Practical Nurses. Doro- 
thea E. Orem. Office of Education, Wash- 
ington, 1959 (order from Supt. of Docu- 
ments, GPO, Washington 25). 165 pp. 
$0.60. 

Haffkine Institute Diamond Jubilee, 
1899-1959, Souvenir. Haffkine Institute 
Celebrations Committee, Bombay, India, 
1959. 140 pp. 

Hypertension and Coronary Heart Dis- 
ease: Classification and Criteria for Epi- 
demiological Studies. WHO Technical 
Report 168. First report of the Expert 
Committee on Cardiovascular Diseases 
and Hypertension. World Health Organi- 
zation, Geneva, Switzerland, 1959. 28 pp. 
$0.30. 

Introduction to the Physical Sciences. 
Morris Goran. Free Press, Glencoe, IIl., 
1959. 421 pp. $6. 

Machine Design Problems. Donald J. 
Myatt. McGraw-Hill, New York, 1959. 
186 pp. $5.50. 

Mammals of the San Francisco Bay Re- 
gion. William D. and Elizabeth Berry. 72 
pp. The Natural History of the San Fran- 
cisco Bay Region. Arthur C. Smith. 72 pp. 
Native Trees of the San Francisco Bay 
Region. Woodbridge Metcalf. 72 pp. Rep- 
tiles and Amphibians of the San Francisco 
Bay Region. Robert C. Stebbins. 72 pp. 
University of California Press, San Fran- 
cisco, 1959. $1.50 each. 

Mathematics for the Academically Tal- 
ented Student in the Secondary School. 
Report of a conference. Julius H. Hlavaty, 
Ed. 48 pp. $0.60. Mathematics Tests 
Available in the United States. Sheldon S, 
Myers. 12 pp. $0.50. A Guide to the Use 
and Procurement of Teaching Aids for 
Mathematics. Emil J. Berger and Dono- 
van A. Johnson. 41 pp. $0.75. National 
Council of Teachers of Mathematics, Na- 
tional Education Association, Washing- 
ton, 1959. 

Natural Aerosols and Nuclear Debris 
Studies. Progress report No. 1. GRD Re- 
search Notes No. 8. ASTIA Documents 
No. 8. ASTIA Documents No. AD 209- 
539. Atmospheric Circulations Labora- 
tory, Geophysics Research Directorate, 
U.S. Air Force, Bedford, Mass., 1959 
(order from Armed Services Information 
Agency, Document Service Center, Day- 
ton 2, Ohio). 45 pp. 

Notes on Plants and Plant Habitats Ob- 
served in the Abydos-Woodstock Area, 
Pilbara District, Western Australia. Divi- 
sion of Plant Industry technical paper No. 
12. Nancy T. Burbidge. Commonwealth 
Scientific and Industrial Research Organ- 
ization, Melbourne, Australia, 1959. 16 


pp. 

The Spectrum of Beta Lyrae. Transac- 
tions, vol. 49, pt. 1. J. Sahade, S.-S. 
Huang, O. Struve, V. Zebergs. American 
Philosophical Soc., Philadelphia, Pa 
1959. 64 pp. $2. 

Symposium on Metabolism. Quarterly, 
vol. 19, No. 3. Chicago Medical School, 
Chicago 12, Ill., 1958. 48 pp. 

Why Should You Study Physics in High 
School? American Institute of Physics, 
335 East 45 Street, New York, 1959. 
16 pp. 

World Directory of Veneral-Disease 
Treatment Centres at Ports. World 
Health Organization, Geneva, Switzer- 


land, Sth list, 1959. 159 pp. $1.75. 
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Density-Gradient Centrifugation 
with Infectious Ribonucleic Acid 
of Foot-and-Mouth Disease Virus 


Abstract. The sedimentation constant 
of an infectious component in ribonucleic 
acid preparations from foot-and-mouth 
disease virus has been determined by 
density-gradient centrifugation. A sedi- 
mentation constant of 37 Svedberg units 
(S7) was obtained. On the assumption 
that the relation between the molecular 
weight and the sedimentation constant 
found by Gierer is applicable to our sys- 
tem as well, a value of 3.1 x 10° was cal- 
culated for the molecular weight of the 
infectious component. 


In an earlier study (1) we obtained in- 
fectious ribonucleic acid (RNA) prepa- 
rations from the tissues of suckling mice 
infected in vivo with foot-and-mouth dis- 
ease virus, type C. The method employed 
in these investigations was that of Gierer 
and Schramm (2). The isolation of in- 
fectious RNA preparations from four 
animal viruses has been described by 
others (3). 

The infectious component in the RNA 
preparations from foot-and-mouth dis- 
ease virus differed in some properties 
from the intact agent. 

Recently, Gierer (4) was able to cal- 
culate from sedimentation and intrinsic 
viscosity measurements the molecular 
weight of the RNA from tobacco mo- 
saic virus. It was found to be approxi- 
mately 2 x 10%. This finding encouraged 
us to determine the sedimentation con- 
stant of the active unit in our RNA 
preparations and to calculate from this 
value the molecular weight of the active 
unit. 

The virus strain used in this study 
was type C. The method of Gierer and 
Schramm (2) was employed for the 
preparation of infectious RNA. The 











Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 

Type manuscripts double-spaced and submit one 
ribbon copy and one carbon copy. 

Limit the report proper to the equivalent of 
1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illustrations, which may consist of two 
figures or two tables or one of each. 

For further details see ‘Suggestions to Contrib- 
utors” [Science 125, 16 (1957)]. 
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Reports 


RNA preparations were centrifuged at 
35,000 rev/min (95,000g) for 5 min- 
utes, and the supernatant was used for 
determination of the sedimentation con- 
stant by density-gradient centrifugation. 
This centrifugation method was devel- 
oped because the active unit to be in- 
vestigated was very labile and made up 
only a small part of the total RNA con- 
tent of the preparation. The centrifuga- 
tions were carried out in a Spinco ultra- 
centrifuge, model L, with a swinging- 
bucket rotor SW 39. We employed Plexi- 
glas (plastic) cells with a sector-shaped 
chamber. The chamber had a volume of 
1.8 ml and was 3.7 cm high. During the 
centrifugation the bottom of the cham- 
ber was 9.1 cm from the axis. These 
plastic cells fit in the buckets of the 
rotor and were manufactured in our 
workshop. Gradient columns each 6-mm 
thick were prepared of D,O—H,O mix- 
tures containing 90, 76, 61, 44, and 25 
percent D,O, respectively. The pH of 
the mixtures was stabilized with 0.02M 
phosphate buffer. The loaded cells were 
held at 4°C for 1 hour, then a sample of 
a RNA preparation was floated on the 
column. The cells were centrifuged 110 
and 130 minutes at 38,000 rev/min 
(about 112,000g) and 35,000 rev/min 
(about 95,000g), and the rates of accel- 
eration and retardation were taken into 
account. The values of w?¢ in the differ- 
ent experiments were in the range from 
9.85 x 101° sec-4 to 16.75 10%" sec?. 
The refrigerator was adjusted so that 
the rotor had a temperature of 6°C dur- 
ing the whole run. Afterward, the cen- 
trifugation samples were removed, in 
steps, with a special capillary pipette 
and used for infectivity assay in suckling 
mice (intracerebral), ultraviolet ab- 
sorption, and specific-density measure- 
ments. 

The active unit was detected within a 
relatively narrow zone. A point in this 
zone above and below which the same 
number of infectious units had been 
found (“mean point”) was determined. 

The value of the sedimentation con- 
stant (S., was calculated from the 
equation 


— po” (o-—pr)-R ~ 
— F— po x Ro 


S20 = r 2 
Nor ot 


in which o (1.67 g/ml) represents the 
specific density of RNA; p,?° and »,?° 








are the specific density and viscosity, re- 
spectively, of water at 20°C; pp and np 
are the specific density and viscosity, re- 
spectively, of the gradient as a function 
of the radius; R, and R, are the radii 
of the “mean point” before and after 
the run, respectively; w is the angular 
velocity; and ¢ is the time. 

Functions Pz and np were determined 
in a sector-shaped diffusion cell, and the 
integral was calculated numerically. 

In control experiments with hemo- 
cyanin from Helix pomatia a mean 55, 
of 105 S, was obtained in an analytical 
ultracentrifuge, while density-gradient 
centrifugation furnished a value of 104 
S;, indicating the remarkable accuracy 
of the method. 

The mean s,, value of the infectious 
unit in the RNA preparations obtained 
from foot-and-mouth disease virus was 
Rar 7 

If one assumes that the infectious unit 
in our RNA preparations has the same 
structure as the RNA of tobacco mosaic 
virus, the relationship between the sedi- 
mentation constant and the molecular 
weight found by Gierer (4) may be used 
for calculation of the molecular weight 
of the infectious unit. A value of 3.1 x 
10° was obtained. 

K. STROHMAIER 

M. Musscay 

Federal Research Institute for Animal 
Virus Diseases, Tiibingen, Germany 
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Instrumental Conditioning of 
Lemon Sharks 


Abstract. Two sharks were trained to 
feed at a target which, when pressed, 
caused a submerged bell to ring. Later 
they were trained to press the target for 
remotely placed food. They retained this 


conditioned response after a 10-week 
period of inactivity. 
Captive sharks, like other fishes, 


quickly learn to go to the place where 
they are usually fed. Experiments were 
conducted to determine the extent to 
which they could be conditioned to more 
complex situations (/). 

The sharks used were a male and fe- 
male lemon shark, Negaprion breviros- 
tris (Poey), each about 3 m long. They 
had been in captivity over 4 months and 
were healthy and active. They were 
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Table 1. Weekly summary of number of bell rings by five sharks. 





Total for two 
lemon sharks 


Total for three 
nurse sharks 








Place Ah 
ay Rang Rang Rang Rang of aie. 
a bell, bell, Food bell, bell, Food — food} ecty 
got missed “stolen’’* got missed “stolen”’* ('C) 
food food food food 
1 70 11 0 5 0 (3) 0 29 
2 99 10 0 8 0 (4) 0 28 
$ 88 25 0 15 0 (2) 0 27 
4 101 14 0 11 1 (21) 0 23 
5 80 23 0 9 4 (36) 0 23 
6 70 26 0 31 5 (9) 0 aa 
Total 508 109 0 79 10 (75) 
7 27 ay 2 15 13 2 66 23 
8 56 65 12 7 12 1 96 23 
9 56 94 39 si 8 8 126 23 
10 35 73 SL 0 2 13 156 24 
11 27 32 15 0 v4 6 216 21 
12 18 24 6 0 1 12 216 21 
13 + 9 5 0 0 1 246 17 
14 0 0 0 0 0 0 246 17 
Total 223 354 108 27 38 43 
Grand total 731 463 108 106 48 118 
* Food “stolen” atvet sania shark ice oe. Wideies - destin eeghianat fond eantibd off target 


without a ring. + Distance (in centimeters) from center of target. 


housed in a 12- by 18-m pen, adjacent 
to the laboratory dock, with three nurse 
sharks, Ginglymostoma cirratum (Bon- 
naterre), of about the same size (males). 

During a 6-weeks’ training period the 
sharks were fed five times a week, Mon- 
day through Friday, at approximately 
3:15 p.m. At this time a target was 
lowered into the water, and it was re- 
moved at the end of the feeding period. 
(It was never put into the water at any 
other time.) The target was made of a 
piece of plywood 41 cm square and 
painted white. When the target was 
pressed it caused a submerged bell to 
ring. 

For the first 2 days of the training 
period pieces of food were thrown to 
the sharks near the target. Gradually 
the food was thrown closer to the tar- 
get. On the third day, and for the rest 
of the 6 weeks, the food was tied to the 
center of the target on a short, weak 
string. In order for the lemon sharks to 
feed, they were forced to press their 
snouts against the target. Food was on 
the target when it was first lowered into 
the water, and as a shark removed the 
food, another piece was supplied. 

At the beginning of the seventh week, 
an empty target was lowered into the 
pen at the regular feeding time. When a 
shark pressed the target hard enough 
to ring the bell, a piece of reward food 
attached to a string was dropped into 
the water. The shark was given 10 sec- 
onds to get this food, and if he did not 
succeed, the food was then pulled out 
of the water. Each week the food was 
dropped farther away from the target. 

The results of these feedings are sum- 
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marized in Table 1. During the training 
period the lemon sharks rang the bell 
and successfully obtained food at the 
target 508 times; they rang the bell but 
missed the food 109 times. In contrast 
to the lemon sharks, who, on approach- 
ing the target, only slowed down in an 
effort to take food from it, the nurse 
sharks would approach the target from 
below, hover beside it, and move their 
oral barbels along the target’s surface. 
When they had located the food, the 
nurse sharks often were able to suck 
the food off the target without pressing 
the target hard enough to ring the bell. 
This they did a total of 75 times. They 
rang the bell and took food at the tar- 
get 79 times and missed the food after 
a ring only ten times. The latter score 
also reflects their ability to hover before 
the target. 

The first time the sharks were con- 
fronted with an empty target, the male 
lemon shark approached it in less than 
half a minute after it was lowered into 
the water. When he reached the target 
he slowed down and merely brushed the 
target, without pushing it hard enough 
to ring the bell. After repeating this 
maneuver nine times, he finally pressed 
the target sufficiently hard to ring the 
bell, and food was immediately dropped 
into the water. The male quickly 
learned to press the target for reward 
food, and by the end of the week both 
the male and the female lemon sharks 
were successfully conditioned to pressing 
the empty target and returning for food. 
The individual scores for the male and 
the female were closely alike and will be 
analyzed elsewhere. 





The data accumulated in the weeks 
of testing with the empty target are 
shown in the lower portion of Table 1. 
The nurse sharks did not appear to make 
a strong association of the target with 
food. At first they came to the target, 
but then they started to spend more 
time hovering under the food and fre- 
quently took the food dropped after a 
lemon shark had rung the bell. The 
lemon sharks also took food from each 
other. When one shark rang the bell 
and another shark took the food we 
scored this as a “steal” for the shark 
that got the food. 

When the water temperature dropped 
below 24°C the sharks fed less, and by 
mid-December they lost interest in food 
offered to them in any manner. Until 
this time, however, the lemon sharks 
rang the bell and got the remotely 
placed food 223 times; they rang the 
bell but missed the food 354 times; they 
“stole” food 108 times. The nurse sharks 
rang and got food 27 times, rang but 
missed the food 38 times, and “stole” 
food from the lemon sharks 43 times. 
The presence of nurse sharks hovering 
around the feeding place led to frequent 
collisions among the sharks. 

There was a strong tendency for the 
male lemon shark to approach the tar- 
get first at each feeding period. Scores 
were kept of the chronological order of 
approach during 53 feeding periods, 
during which time the lemon sharks 
rang the bell 1117 times. The male rang 
first 50 times and the female, three 
times. Of the first three rings made dur- 
ing each of these feeding tests, 134 were 
made by the male and only 25 by the 
female. As the female was placed in the 
pen several weeks before the male, 
prior residence was not a contributing 
factor in what may be social dominance 
of the male. “Fighting” among the 
sharks has never been observed. We have 
no evidence yet in explanation of the 
fact that the female refrains from press- 
ing the target until the initial hunger of 
the male apparently is satisfied. 

The sharks retained these conditioned 
responses through the midwinter cold 
spell. When the temperature rose to 

over 20°C again, the sharks readily 
pressed the target when it was presented 
to them, even though they had not seen 
it for a period of 10 weeks. 
EuGENIE CLarK 

Cape Haze Marine Laboratory, 

Placida, Florida 


Notes 


1. I wish to acknowledge with gratitude valuable 
help given me in this work. Dr. Lester Aronson 
made important suggestions in the initial plan- 
ning of these experiments. I was fortunate to 
receive the benefit of suggestions from Dr. 
Charles M. Breder, Jr., who happened to be 
here during various stages of this study. Cap- 
tain Oley Farver caught and handled the 
sharks used. 
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Coiling Direction of Globigerina 
pachyderma as a Climatic Index 


Abstract. An interdependence between 
the geographical distribution of dextral 
and sinistral populations of the planktonic 
foraminifer, Globigerina pachyderma, and 
sea surface-temperatures is demonstrated. 
It is inferred that changes in dominant 
coiling direction at lower levels in sedi- 
ment cores from the North Atlantic record 
southward shifts of isotherms during the 
last ice age. 


Variation in coiling direction of plank- 
tonic foraminifera has been studied by 
Bolli (1), by VaSiéek (2), and by Eric- 
son, Wollin, and Wollin (3). Vasiéek 
(2) and Nagappa (4) have utilized their 
findings on this subject in making strati- 
graphic correlations between various oil 
wells, Ericson, Wollin, and Wollin have 
charted the geographical distribution of 
populations of Globorotalia truncatulin- 
oides (d’Orbigny) in top samples from 
sediment cores taken in the North At- 
lantic Ocean. From evidence that the 
pattern of distribution of these popula- 
tions has persisted for some thousands of 
years, probably since the end of the last 
ice age, they infer that there must be 
something about the local environment 
which works to the advantage of those 
individuals which coil in the preferred 
direction. However, just what this selec- 
tive condition of the environment may 
be is far from clear from the pattern of 
distribution of G. truncatulinoides. 

In the case of Globigerina pachyderma 
(Ehrenberg), on the other hand, an 
interdependence between surface water 
temperature and coiling direction is evi- 
dent from Fig. 1, which shows percent- 
ages of right and left coiling in top sam- 
ples from sediment cores taken in the 
Arctic Ocean, the North Atlantic Ocean, 
and connecting seas. The percentages 
have been determined from counts of at 
least 100 tests in each sample. The posi- 
tion of 7.2°C isotherm in April (5) is 
also shown. 

A similar relationship between coiling 
and temperature has been found in the 
South Atlantic Ocean. Although not 
enough samples have been studied to 
define a boundary line, it is apparent 
that left coiling is strongly dominant in 
samples from the vicinity of Antarctica 
and south of latitude 50°S, while right 
coiling is dominant in samples from 
points farther north. 

To conceive of any mechanism by 
which temperature could act selectively 
upon coiling direction is difficult, to say 
the least. 

The explanation may be, as suggested 
by Ericson, Wollin, and Wollin (3), that 
the advantage enjoyed by individuals 
having the preferred coiling direction is 
not due to a direct reaction between the 
geometry of the tests and the environ- 
ment, but rather to genetical linkage be- 
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tween coiling direction and some other 
characteristic of the animal which, in 
the case of Globigerina pachyderma, de- 
termines temperature tolerance. 
Coiling ratios in samples from lower 
levels in the cores show that left coiling 
has been strongly dominant from top to 
bottom of all cores taken within the pres- 
ent province of left coiling, and that in 
cores from the right-coiling province 
there have been several reversals in the 
dominant direction. In short, during late 
Pleistocene time the boundary between 
the provinces of right and left coiling 
was never much farther north than it is 
now, but at other times it was a good 
deal farther south. Changes in the ratio 
of coiling directions in a typical core, 
R9-7, from the right-coiling province 
are shown graphically in Fig. 1, together 
with a curve of climatic change inferred 


from variation in abundance of all other 
species of planktonic foraminifera in sam- 
ples taken at 10-cm intervals. The record 
suggests that there has been a relatively 
recent shift of isotherms to the north and 
that the immediately preceding time of 
cold climate was, in turn, preceded by a 
rather short interval, recorded at 50 and 
60 cm in core R9-7, during which the 
April 7.2°C isotherm was at or near its 
present position. 

In general, the distribution of other 
species of planktonic foraminifera in the 
cores is in harmony with the supposition 
that the changes in coiling of Globigerina 
pachyderma are influenced by tempera- 
ture. For example, no species of Globoro- 
talia occur at any level in cores taken in 
the Norwegian, Greenland, and Arctic 
seas, and these species are poorly repre- 
sented in top samples of cores from more 
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Fig. 1. Distribution of dextral and sinistral populations of the foraminifer, Globigerina 
pachyderma, in top samples of sediment cores and the position of the 7.2°C surface tem- 


perature isotherm in April. 
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southerly stations within the province of 
left coiling. They are abundant, how- 
ever, in the tops of cores from the prov- 
ince of dextral coiling. The same as- 
sociation is maintained in the time 
dimension of cores from the province of 
dextral coiling; species of Globorotalia 
are well represented in sediments layers 
where the coiling of Globigerina pachy- 
derma is dominantly dextral, but they 
are absent or rare where the coiling is 
sinistral. 

By determining similar vertical changes 
in coiling percentages of G. pachyderma 
in cores from more southerly stations not 
shown on the chart it will probably be 
possible to determine approximately the 
former position of the boundary between 
right and left dominant populations, and 
by inference the most southerly position 
of the April 7.2°C isotherm during the 
peak of the last glaciation. This infor- 
mation will make possible an estimation 
of the amount of temperature lowering 
that occurred in this part of the North 
Atlantic during the last ice age. 

In the meantime, the present data are 
at least suggestive. The absence of any 
zone of right coiling at lower levels in 
the cores from the province of left coil- 
ing implies that this part of the North 
Atlantic during the late Pleistocene has 
not at any time been much warmer than 
it is now. Evidence that the boundary 
between right- and left-coiling popula- 
tions was farther south during the last 
ice age favors the conclusion that con- 
tinental glaciation was accompanied by 
general cooling of North Atlantic waters, 
and particularly within this critical re- 
gion, rather than by marked change in 
pattern of circulation. This conclusion 
supports the hypothesis that Pleistocene 
refrigeration was a result of reduction in 
total radiation from the sun and not a 
consequence of some purely terrestrial 
cause (6) 

Daviv B. Ericson 
Lamont Geological Observatory, 
Columbia University, Palisades, 
New York 


References and Notes 


1. H. Bolli, Contribs. Cushman Foundation for 
Foraminiferal Research 1, 82 (1950); ibid. 2, 
139 (1951). 

2. M. Vasiéek, Sbornik ustred. ustravu geol. 20, 
345 (1953). 

3. D. B. Ericson, G. Wollin, J. Wollin, Deep-Sea 
Research 2, 152 (1954). 

4. Y. Nagappa, Micropaleontol. 3, 393 (1957). 

5. ‘‘World Atlas of Sea Surface Temperatures,” 
U.S. Hydrographic Office Publ. No. 225 
(1944). 

6. This report is Lamont Geological Observatory 
contribution No. 355. The investigation is 
being supported by National Science Founda- 
tion grant No. NSF-G6540. I am grateful to 
Maurice Ewing, director of the Lamont Geo- 
logical Observatory, who made available the 
material described in this communication. O. 
L. Bandy, University of Southern California, 
has informed me that he has a paper in press 
which also deals with the coiling of Globigerina 
pachyderma. According to Bandy our respec- 
tive papers will supplement rather than dupli- 
cate each other. 


9 April 1959 





220 


Virus versus Gene Change 


in Maize 


In maize the Rrr kernels from a 
standard RR4xrr? (R, self-colored 
aleurone; 7, colorless aleurone) are dark- 
colored. However, Brink (J) has found 
that when plants of genotype RR* (R*, 
stippled aleurone) are test-crossed on 
rr@, the resulting kernels which receive 
R (from their RR* parent) have aleu- 
rone which is weakly-colored mottled. 
We might indicate these kernels as R’rr; 
the prime indicates R of RR* origin, 
without commitment whether R’ is dif- 
ferent from R. 

Brink explains the weakly-colored 
mottled phenotype of R’rr kernels on the 
assumption that in the RR* parent the 
Rt gene causes R to mutate, at a 100- 
percent rate, to a gene (Rt) for 
weakly-colored mottling (an effect re- 
ferred to by Brink as “paramutagene- 
sis’). The R* gene itself is apparently 
unaffected in RR, When weakly-col- 
ored mottled kernels (R’rr) from the 
test cross of the RR* parent are again 
test-crossed, the resulting R’rr kernels 
are again weakly-mottled. Brink has 
therefore concluded that R is actually 
altered in the original RR* parent, since 
the test-cross progeny (R’rr) maintain 
their light color from one generation to 
the next. On the other hand, when RR* 
is self-fertilized, the resulting kernels 
which have at least two doses of R’ in 
their aleurone (R’R’R* or R’R’R; 
RestRestRst or RUSRstRr:st according 
to Brink’s hypothesis), have aleurone al- 
most as dark as that of standard RR 
plants. Brink has therefore concluded 
that in the kernels under discussion, his 
Rtst gene reverts, at a 100-percent rate, 
almost completely to R. 

In order to rule out the theory that a 
virus (or other plasmid element) is 
causing the changed expression in the 
R’rr kernels, Brink crossed the plants 
grown from these kernels to standard 
RR&é. The resulting Rrr kernels would, 
of course, be the product of an R gamete 
from the RR parent and an r gamete 
from the R’rr parent. If the latter (R’rr) 
carried a virus, its r gametes might also 
be expected to carry the virus and to 
transmit it to the Rrr kernels in the cross 
R’rr2 x RRS. However, these kernels 
are dark, like Rrr of standard origin. 
Brink has therefore concluded that no 
virus is involved in the changed expres- 
sion in R’rr kernels (weakly-colored 
mottled). 

However, in my opinion this finding 
relative to the cross R’rr2? x RRS does 
not exclude the possibility that a virus 
is changing the aleurone from dark red 
to light in the R’rr kernels (those de- 
rived from RR** 3 x rr). Conceivably, 
two substances, A and B, are necessary 
for the continued existence of the virus. 





Gene R* produces both and supports the 
virus; R produces A but not B; r pro- 
duces B but not A. Moreover, we must 
assume that the virus rapidly disappears 
in a cell which lacks A but that it may 
live for a longer time in a cell which 
lacks B but has A, or may even linger 
on for several generations, largely in an 
inactive state, in plants which have only 
A. The virus therefore could not be 
transmitted by the r gametes of a plant 
that grew from an R’rr kernel, but it 
could be transmitted by the R’ gametes. 
If the latter fertilized an rr (giving 
R’rr kernels), gene R would supply the 
A element and r, the B. The virus would 
therefore persist, and the kernels would 
be light (instead of dark, as they would 
be in the absence of the virus). 

Until further tests, involving properly 
marked chromosomes have been made, 
it might be well to suspend judgment on 
the significance of Brink’s RR* case in 
maize (2). 

Epcar ALTENBURG 
Rice Institute, Houston, Texas 
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Reflectivity Spectrum and 
Optical Constants of Bituminous 
Coal; Estimation of Aromaticity 


Abstract. The spectra of reflectivities, 
refractive indices, and absorption indices 
of a bituminous coal vitrain have been 
determined for the ultraviolet-visible spec- 
tral region. The low values for these quan- 
tities support the premise that polynuclear 
condensed aromatics may be present in 
coal only in small amounts. Aliphatic and 
amorphous carbons may predominate. 


The spectra of specular reflectivities 
have been determined in the ultraviolet- 
visible region for Bruceton coal vitrain 
(1), which is 84 percent carbon. Pre- 
viously, the absorption spectrum in this 
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Fig. 1. Ultraviolet-visible spectrum of 
specular reflectivity and the optical con- 
stants, n and k; Bruceton vitrain. 
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Table 1. Reflectivities (R), specific ex- 
tinction coefficients (K), and the optical 
constants, refractive index (n), and ab- 
sorption index (k), of Bruceton vitrain. 


a R 
(A) K k (%) n 





7750 0.8 0.006 7.66 1.766 
7000 H2: COI” Feo" “F:10/ 
6000 25 C020 ‘F7a'. T7071 
5461 $7 @026 7288 1.779 
5000 54 O.085 193 E78 
4000 10.0 0.052 8.11 1.788 
3500 14.5 0.066 8.02 1.778 
$000 «6.20.0 0.079 7.17 = 1.715 
2750 23:0 0.088 6:49 1:664 
2500 24.0 0.086 6.04 1.633 
2200 . 28:0: 0.093 -~.9.37... 1.583 
2150 «629.0 0.093" °-SitS = 8-963 


region was reported along with calcu- 
lated absorption indices, k (2); the value 
for k at 5461 A was found to be appre- 
ciably smaller than published values ob- 
tained from reflectivity measurements 
(3, 4). From the reflectivity spectrum 
(Fig. 1), refractive indices, n, over the 
entire spectral region have been calcu- 
lated (Table 1) by Fresnel’s equation 


(n — 1)?+ n?k? 


e= (n+ 1)*+ n7k? 


Because of the low magnitude of the 
absorption indices, this quantity is 
nearly insignificant in the calculation of 
refractive indices. However, the inter- 
dependence of the two indices was taken 
into account by successive alternate cal- 
culations of refractive indices from the 
above equation and of the absorption 
indices from 

_ 2.303 2.4 

~ 4a0xn 


where 2 is the wavelength of light in 
centimeters, A is the absorbance, and 
x is the sample thickness in centimeters. 

The experimental reflectivity curve re- 
mains smooth throughout the spectrum, 
with no sharp discontinuities. One weak, 
broad shoulder appears at 2650 A. The 
reflectivity and refractive index spectra 
decrease appreciably at short wave- 
lengths in the ultraviolet region. This 
decrease may be due to changes in ab- 
sorption properties in this region, but it 
is more probably due to increased scat- 
tering of the coal substance at these 
wavelengths, 

Reflectivity measurements were made 
on polished pieces of Bruceton vitrain 
with a Cary spectrophotometer equipped 
with a specular reflectance attachment; 
a front-surface aluminized mirror was 
used as the comparison, and reflectivity 
values for fused quartz were used as 
spectral standards. 

Aromaticity of coal. In regions of 
strong spectral absorption, an increase 
is expected in both the refractive index 


24 JULY 1959 


and the absorption index, and hence in 
the reflectivity. In coal, such marked 
increase in absorption does not occur 
anywhere in the ultraviolet-visible spec- 
trum (3). As can be seen from the data 
for reflectivity and refractive index, 
there also is no substantial increase in 
these values at any place in the spectrum. 

These data are of particular signifi- 
cance in view of the recent reevaluation 
of x-ray measurements (5) which indi- 
cate that the ring sizes of aromatics that 
may be in Bruceton vitrain should be 
1-to-3 and 2-to-4 rings. Thus the possi- 
ble condensed aromatic nuclei are lim- 
ited to 2-to-4 rings such as are found 
in naphthalene, phenanthrene, fluorene, 
chrysene, and other compounds. The 
strongest absorptions of all of these are 
confined to a narrow region of the short- 
wavelength ultraviolet, so that both re- 
flectivity and absorption should show 
marked increases with definite spectral 
fine structure in this narrow region, 
but they do not. Most of the 16 2-to-4- 
ring polynuclear condensed aromatics, 
naphthalene through pyrene, have their 
strongest band in the region 2100 to 2550 
A with K values from 205 (fluorene) to 
1230 (anthracene). Five of the 2-to-4- 
ring group have their maximum absorp- 
tion band between 2550 and 2750 A 
with K values from 360 (2,3-benzo- 
fluorene) to 1640 (naphthacene). On 
the basis of K values, the allowable per- 
centages of these compounds that could 
be present in Bruceton vitrain varies 
from 1.4 to 14 percent. These maximum 
percentages of individual aromatics are 
not additive owing to considerable over- 
lapping interference in this short spec- 
tral region. 

If the principal structures in bitumi- 
nous coal vitrain are not polynuclear 
condensed aromatic in nature, the pre- 
dominant structures may be aliphatic 
and alicyclic and/or benzenoid. The 
shortage of hydrogen, oxygen, and other 
elements may require that the saturated 
structures contain extensive systems of 
tetrahedral carbon-carbon bonds—that 
is, quaternary carbon atoms in diamond- 
like structures of small size or in amor- 
phous carbon structures like the “vitron” 
suggested for glass (6). 

R. A. FRIEDEL 
Bureau of Mines, U.S. Department of 
the Interior, Pittsburgh, Pennsylvania 
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On the Presence of Fixed 
Ammonium in Rocks 


Abstract. From one-fourth to one-half 
of the nitrogen in some granite rocks, and 
up to two-thirds of that in some paleozoic 
shales, occurred as ammonium ions held 
within the lattice structure of silicate min- 
erals. The results provide greater insight 
into the origin of the earth’s atmosphere. 


It has been assumed by many scien- 
tists that practically all of the nitrogen 
in rocks occurs in organic combination. 
Evidence for this assumption has been 
based on the fact that only a small frac- 
tion of the nitrogen in rocks could be 
recovered as ammonia or nitrate by 
leaching with base-exchange reagents. 
Research conducted recently by my co- 
workers and me (1, 2) has shown that 
soils contain considerable amounts of 
fixed ammonium (ammonium ions held 
within the lattice structure of silicate 
minerals), and it seemed reasonable to 
postulate that some of the nitrogen in 
rocks is fixed ammonium. The purpose 
of this study was to test this hypothe- 
sis (3). 

A procedure based on the ability of 
HF to remove fixed ammonium from 
clay minerals has been developed by 
Dhariwal and Stevenson (J) for the 
determination of fixed ammonium in 
soils. This method was modified for the 
determination of fixed ammonium in 
rocks. The procedure adopted was as 
follows: a 0.5- to 1.0-g sample of finely 
ground rock (100 mesh) was treated 
with 20 ml of boiling 1N KOH for 6 
hours. The residue was recovered by 
centrifugation in a polyethylene tube, 
washed free of KOH with ammonia-free 
water, and treated with 10 ml of a solu- 
tion consisting of 7.5N HF and 1.0N 
HCl. For granite rocks, the mixture was 
transferred to a polyethylene beaker and 
heated on a hot plate at 80°C to near- 
dryness. The ammonium released by HF 
was distilled with alkali into standard 
acid. The ammonia was estimated col- 
orimetrically, by means of Nessler’s re- 
agent. 

Total nitrogen in the samples was 
determined by a micro-Kjeldahl pro- 
cedure. The digestion time was 3 hours. 

The specimens included several Paleo- 
zoic shales and granite rocks. The shales 
were from Illinois. Shales A, B, and C 
were from Mississippian horizons; shale 
D was from a Pennsylvanian horizon. 
Granite rocks A, B, and C were from 
outcrops. Rock A was from New Hamp- 
shire, rock B was from Maine, and rock 
C was from Vermont (from the Rock 
of Ages quarry). Granite rocks D, E, 
and F were Pleistocene boulders from 
glacial till of Wisconsin age. They were 
obtained from Vermilion County, II. 
(4). 

The total nitrogen and fixed am- 
monium nitrogen contents of the speci- 
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Table 1. Fixed ammonium nitrogen in 
shales and granite rocks. 








Fixed 


Total NH.* —-N 
Sample N ot 
(us/8) (ug/g) og 
Shales 
A (1445-1449 
feet) 500 330 66.0 
B (1976-2018 
feet) 810 420 51.9 
C (2318-2329 
feet) 680 420 61.8 
D ( 596- 600 
feet ) 610 410 67.2 


Granite rocks 
A (highly 
weathered ) 86 27 31.0 


B (slightly 

weathered ) 35 10 28.6 
C (unweathered) 32 18 56.3 
D (moderately 

weathered ) 26 9 34.6 
E (moderately 

weathered ) 21 3 23.8 
F (moderately 

weathered ) 37 10 27.0 


mens are given in Table 1. The nitrogen 
contents of the granite rocks were gen- 
erally lower than the values reported by 
Rayleigh (5) for igneous rocks. The re- 
sults show that all of the samples con- 
tained nitrogen, which was not removed 
by boiling 1N KOH but was released as 
ammonia by HF. As hydrofluoric acid 
dissolves silicate minerals, there can be 
little doubt that the nitrogen occurred 
as fixed ammonium. Indirect evidence 
for the presence of fixed ammonium in 
rocks is provided by the study of Ray- 
leigh (5), who found that the nitrogen 
in igneous rocks was liberated as am- 
monia by heating with caustic soda, but 
not with caustic potash. It is now known 
that caustic soda expands the d (001) 
spacing of silicate minerals, thereby al- 
lowing the ammonium ions to escape; 
caustic potash contracts the d (001) 
spacing, thereby preventing their release 
(1). 

The origin of the fixed ammonium in 
the granite rocks must be regarded as a 
subject for speculation. The silicate min- 
erals in granite rocks have crystal lattices 
that are contracted and incapable of 
fixing ammonium, I am of the opinion 
that ammonium was present in the sub- 
strate at the time the minerals were syn- 
thesized and competed with potassium 
for the pockets formed by the hexagonal 
oxygen rings in the crystalline nuclei of 
the minerals. 

The nature of the nitrogen in the 
granite rocks that was not recovered as 
fixed ammonium is not known. Am- 
monia was liberated from rocks A, B, 
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D, E, and F during the treatment with 
boiling 1N KOH. This nitrogen could 
have been in the form of exchangeable 
ammonium produced through the release 
of fixed ammonium from silicate min- 
erals during weathering. The observation 
of Engols and Navarre (6) that sub- 
stantial concentrations of ammonia ni- 
trogen occur in unpolluted surface and 
ground waters of the uplands of north- 
ern Georgia as a result of the leaching 
of granite rock undergoing rapid weath- 
ering can be attributed to the liberation 
of ammonium ions from silicate min- 
erals through weathering. 

It is of interest to consider some pos- 
sible inplications of the results obtained 
from this study. First, they indicate that 
a vast reservoir of nitrogen exists in the 
terrestrial areas of the earth as ammo- 
nium ions held within the lattice struc- 
ture of silicate minerals. The amount of 
combined nitrogen in the silicate phase 
of the primary lithosphere of the earth 
has been estimated to be about 50 times 
the amount present as gaseous nitrogen 
in the atmosphere (5, 7); the amount of 
nitrogen in sedimentary rocks has been 
estimated as about one-sixth that in the 
atmosphere (7, 8). If it is assumed that 
an average of one-third of the nitrogen 
in igneous rocks, and one-half of that 
in sediments, is fixed ammonium, the 
amount of nitrogen present as fixed am- 
monium in the earth’s crust would be 
almost 20 times that present as elemen- 
tal nitrogen in the atmosphere. 

Second, the results provide a clue to 
the origin of nitrogen in the atmosphere. 
Scientists generally believe that the ni- 
trogen content of the atmosphere in- 
creased during geologic times, presum- 
ably through de-gassing of the earth 
(7,9). It has been known for a long time 
that nitrogen is given off during the 
heating of igneous rocks. This has led to 
the conclusion that the nitrogen in vol- 
canic gases is primary and thus is a new 
addition to the atmosphere. Scott et al. 
(10) found that fixed ammonium ions 
in some clay minerals were released at 
temperatures as low as 400°C; this is 
well below the temperatures reached in 
volcanoes. 

Third, the results afford an explana- 
tion of the chemical nature of the ni- 
trogen in stony meteorites. Biddhue (11) 
found that the fusion of meteorite pow- 
der with caustic soda and mercuric ni- 
trate resulted in the production of am- 
monia. This ammonia was believed not 
to be entirely in the free state. Nitrogen 
is liberated from stony meteorites during 
entry into the earth’s atmosphere, and I 
postulate that some of it originates as 
ammonium ions held within the lattice 
structure of silicate minerals. 

F. J. SrevENSON 
Department of Agronomy, 
University of Illinois, Urbana 
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Changes in Soluble Citrate of 
Pigeon Bone during Egg Laying 


Abstract. Accompanying the structural 
changes in medullary bone during the 
egg-laying cycle there are local increases 
in the concentration of soluble citrate. 
Since citrate can form both soluble and 
insoluble compounds with calcium, it is 
suggested that this anion may have a reg- 
ulatory function in bone apposition and 
resorption. 

Bone is a highly organized aggregate 
composed mainly of a protein matrix, 
apatite, water, and electrolytes. Like 
other tissues, it responds readily to 
changes in the composition of the sur- 
rounding body fluids and to the meta- 
bolic activities of the neighboring cells. 
Notable examples of this lability are 
the metaphyseal dissolution which fol- 
lows the administration of parathyroid 
extract and the changes in avian medul- 
lary bone during egg laying. 

We have suggested that resorption 
of bone could be initiated by the ac- 
cumulation of intermediate metabolites 
formed by the contiguous connective 
tissue cells (1, 2). In support of this 
theory it was shown that, after the ad- 
ministration of parathyroid extract in 
the rabbit, dehydrogenase activity of 
bone slices was diminished and respira- 
tion was impaired (2). In this circum- 
stance, the anions of di- and tricarboxy- 
lic acids could accumulate at physiologic 
pH, dissolving calcium from the apatite 
crystal and competing for calcium with 
the fixed colloidal anions of the bone 
matrix (3). The formation of these solu- 
ble calcium complexes would thus con- 
tribute to the dissolution of the structure. 

We agree with others that, of the tri- 
carboxylic acid anions, special attention 
should be accorded to citrate (47). 
There are several reasons for this em- 
phasis. (i) The dissociation constant of 
calcium citrate is very low, and hence 
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the solution of insoluble calcium salts is 
favored in the presence of this anion 
8). From experiments on the equilibra- 
tion of apatite systems and of powdered 
bone with buffered citrate, it is evident 
that soluble (and insoluble) complexes 
are formed with bone mineral (5, 6, 9). 
(ii) Citrate occupies a position of cen- 
tral importance in the scheme of cellu- 
lar metabolism, and bone contains the 
enzyme systems necessary for the syn- 
thesis and utilization of this compound 
(2, 4). (iii) Citrate occurs in relatively 
high concentration in the extracellular 
matrix of bone (/0). (iv) An elevation 
of serum citrate levels often accompanies 
bone resorption (17, 12). 

In testing our theory, we studied solu- 
ble citrate concentrations in medullary 
bone of the pigeon during the egg-laying 
cycle (13), At such times, rapid trans- 
formations occur in the tibia and femur 
(14). For approximately 1 week preced- 
ing calcification of the egg, a period of 
bone apposition is dominant. Then dur- 
ing calcification of the egg (a clutch of 
two eggs is laid within 40 hours) resorp- 
tion predominates, and the serum citrate 
level is elevated (/2). In the third stage, 
this cyclic activity is discontinued and 
bone apposition and resorption are mini- 
mal. The soluble citrate concentrations 
were determined during these three 
stages. 

Previous efforts to demonstrate local 
changes in citrate concentration in bone 
have been clouded by the inclusion of a 
large quantity of citrate from the insolu- 
ble extracellular phase (15). We have 
attempted to overcome this difficulty by 
a procedure which largely sequesters 
cells and soluble extracellular material. 
Hence, our results measure intracellular 
citrate plus any liberated soluble extra- 
cellular fraction. 

Thirty pairs of mated pigeons were 
used for these experiments. The birds 
were examined daily until their egg-lay- 
ing cycle was determined. They were 
then sacrificed during the resting, appo- 
sition, or resorption period. The exact 
period was confirmed by gross examina- 
tion of the ovaries and ovulatory tract 
and by gross and histologic examination 
of the long bones. Material for citrate 
determination was obtained from the 
tibia and femur. For this procedure the 
bones were excised and split longitudin- 
ally, and the cells in the medullary por- 
tion were aspirated through a fine-bore 
(1 mm) glass tube into a chilled flask 
containing a small amount of distilled 
water. A piece of 100-mesh wire screen, 
moistened with water, was interposed be- 
tween the bone and the tip of the tube 
to prevent aspiration of bone particles. 
The surface of the bone was continually 
shaved with a razor blade to expose fresh 
areas of cells. The aspirated material 
was homogenized and then lyophilized. 
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Table 1. Soluble citrate aspirated from 
pigeon medullary bone. 


No. Citric 
of Stage acid* P 
birds (ug/g) 
8 Resting 167+ 82 
7 Apposition 846 + 203 < .001 
15 Resorption 1361 + 304 ; 


* Mean values and standard deviations expressed 
as micrograms per gram of lyophilized material. 


Fifty-milligram portions of the dried 
material were analyzed for citric acid 
by L’Heureux and Roth’s modification 
of the method of Natelson, Pincus, and 
Natavoy (11). 

The results, expressed as micrograms 
of citric acid per gram of dry aspirated 
material, are given in Table 1. During 
the resting phase the citrate level was 
167 ug/g. This level increased about five 
times during the stage of bone apposi- 
tion. The highest concentration, repre- 
senting an eightfold increase over the 
resting level, occurred in the resorptive 
stage. 

These values may be compared with 
the citrate concentration in the serum 
(approximately 5.7 mg/ml) observed 
during the resting stage (/2). To ex- 
press the data in terms of tissue water, 
we will assume that the extracted cellu- 
lar material has a water content of 80 
percent. Then the calculation yields the 
following values: resting stage, 4.2 mg/ 
100 ml; appositional stage, 21.2 mg/100 
ml; and resorptive stage, 34.0 mg/100 
ml. Thus, the concentration of citrate 
from the bone sites during the cycle ex- 
ceeds that in serum from resting birds 
by approximately 4 to 6 times. We have 
no information about the rate of forma- 
tion and utilization of citrate by the 
bone; nevertheless, this high local citrate 
concentration alone would be expected 
to have an important effect on the state 
of the bone salts and bone matrix. 

In in vitro experiments with calcium 
phosphate, apatite, and bone powder, it 
has been shown that citrate can react 
with calcium to form both soluble and 
insoluble compounds (6, 9). When a 
small amount of citrate is present, it is 
coprecipitated with calcium phosphate 
(or apatite). On the other hand, larger 
concentrations lead to the formation of 
soluble calcium citrate and to solubiliza- 
tion of the altered apatite. Although the 
nature and relationships of many of the 
components and phases of bone are still 
ill defined, we assume that in bone, ci- 
trate is also distributed between an in- 
soluble phase in the calcified matrix and 
a soluble phase, as a calcium complex. 
This concept, in conjunction with our 
present and earlier experimental obser- 
vations, leads to the following hypothesis 
concerning the role of citrate in bone 


apposition and resorption. During bone 
formation, the citrate released through 
cellular metabolism is largely deposited 
in the insoluble solid phase. As citrate 
production continues and the concentra- 
tion increases, the soluble calcium citrate 
complex is formed, removing calcium 
from the ionic, crystalline, and protein 
bound fractions. Accompanying this re- 
alignment in the phase relations there is 
a disaggregation of the structure of bone. 
As a corollary of this view, the role of 
citrate in cell metabolism and its equally 
significant part in bone apposition and 
resorption illustrates the unity of struc- 
ture and function. 
Davin LEHMAN 

Mitton B. ENGEL 

Daniet M. LaskIN 
University of Illinois 
College of Dentistry, Chicago 
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Display of Moving Parts 
of a Scene 


Abstract. Methods for emphasizing the 
moving parts of a scene. By photographic 
or electronic means, a past image can be 
subtracted from the present one to em- 
phasize the moving parts of a motion pic- 
ture scene. Rhythms and patterns of mo- 
tion become more noticeable, and changes 
in velocity can give an impression of accel- 
erations and the force pattern. 


In a motion picture, it is possible to 
emphasize those parts of a scene that 
move by suitable use of photographic or 
electronic methods. In essence, the 
method compares the image at one in- 
stant with that at a slightly later in- 
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Fig. 1. Enlargement of a 16-mm motion-picture frame showing typical effect of sequential 
double printing. The stationary structure is dcemphasized. Specular reflections from the 
watch stem and chain result in nonlinearity and less complete cancellation in those areas. 
The effect is more impressive when the pictures are projected in motion. 


stant and displays only the differences 
between the two. The rhythms and pat- 
terns of motion can thus be made more 
noticeable. Applications include the 
study of motion in general and especially 
that propagated as waves, but my spe- 
cial interest is in speech and motion 
studies in connection with x-ray movies. 

If a motion picture is to be studied in 
this fashion, one first makes a negative 
print from it, developed to a gamma of 
unity. The print and the original are 
then shifted a few frames relative to 
each other and projected together. 
The bright patterns of the stationary 
parts of the scene on the original will 
have superimposed upon them the 
dark patterns of the print. Within the 
linear portion of the H and D curve, 
stationary parts of the scene will thus 
register as a relatively uniform grey. 
Only those parts that do not coincide 
fail to cancel. The amount of relative 
shift used is chosen by taking into ac- 
count the speed of the motion of interest, 
the stability of the projector, and the 
fineness of detail in the scene. For ex- 
ample, a film of a clock face projected 
with a shift of 20 frames relative to the 
negative will show the second hand mov- 
ing, the other hands and the face being 
almost uniformly grey. Register and 
processing are important in creating the 
uniform background. Imperfection in 
either will allow the background to show 
up dimly, but this is convenient for orien- 
tation. In general, the purpose of the 
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display is to outline objects that move 
and to emphasize brightness gradients 
in the subject that shift; fine details may 
appear double. 

If no projector suitable for showing 
two films at once is available, a single 
print can be made from a positive and 
negative of the original. This print can 
then be developed to high gamma. In 
using an ordinary movie printer, one 
must make the final print by printing 
from two films of identical gamma, both 
printed from the original and one having 
been developed as a direct positive and 
the other as a negative. The positive and 
the negative can then be printed one 
after the other onto the final film, and in 
both runs there will be contact between 
emulsions for good focus. A very light 
or dark object will print through, since 
a transparent region in one film cannot 
be cancelled by the corresponding 
opaque region on the other film. How- 
ever, if one can stay in the linear region 
and avoid saturation of the film, then 
it will not be necessary to print from 
both films at once in a special optical 
printer. For then the final exposure is 
the sum of its two parts, and extra light 
from one film will be compensated for 
by less light from the other. Simultane- 
ous printing is desirable not only be- 
cause one less intermediate film is re- 
quired but also because a_ greater 
brightness range can be handled, due to 
the exposure of the final film to differ- 
ences only. 





Figure 1 shows a subject in which 
there were strong contrasts; the film was 
processed sequentially. Attention is at- 
tracted to the faster-moving watch hand; 
the other one is less noticeable. Despite 
the wide range of brightness in the sub- 
ject, extreme care was not needed to ob- 
tain this degree of cancellation. The 
large frame shift produced considerable 
doubling. The sense of motion, if not 
previously known, would be indicated by 
the dark component’s leading the light 
one (though the effect would be re- 
versed if the background were dark or 
if the opposite film shift had been em- 
ployed). 

A television magnetic tape recorder 
can be used to provide the same result 
in two ways. Information stored on a 
video tape can be immediately displayed 
in this fashion if a double pick-up head 
is used, the two outputs feeding a dif- 
ference amplifier. Alternatively, any in- 
coming image can be directly converted 
to this form by splitting the signal along 
two paths, one going toward the output 
device and one to the recording head of 
a video recorder. The read-out head 
farther along “plays” into the output de- 
vice, which contains a difference ampli- 
fier, and thus displays the difference be- 
tween the signal at this stage and the 
signal at a fixed previous time. There is 
an erase head after the read-out head, 
and thus a continuous loop of tape may 
be used. In this mode of operation the 
tape recorder functions as a delay line; 
any other memory device or circuit 
could function similarly if it had suff- 
cient storage capacity and speed. The 
noise level in presently available video 
tape recorders is rather objectionable in 
this application. However, a radiologist, 
if he is not administering an excess dose, 
is accustomed to fluctuations or noise of 
this magnitude, and, therefore, in x-ray 
applications a tape recorder may prove 
acceptable. The effect of noise in the 
recorder can be reduced by repeating 
each scene several times in a period that 
is much shorter than that of the original 
action. 

The foregoing discussion pertains to 
moving pictures and extended observa- 
tion, but this general method can be ap- 
plied to any pair of images, and it then 
does not necessarily involve more than 
two ordinary pictures. One can use color 
in a similar way by dyeing two films dif- 
ferent colors and forming a final color 
print (/). 

R. Stuart Mackay 
Radiological Research Laboratory, 
University of California 
Medical Center, San Francisco 
Note 
1. The help of Leo Diner Films of San Francisco 


with the photographic work is gratefully ac- 
knowledged. 
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Alterations in the Pattern of 
Amine Excretion in Man Produced 
by a Monoamine Oxidase Inhibitor 


Abstract. The administration of mono- 
amine oxidase inhibitors produces an in- 
crease in the urinary excretion of many 
amines for which efficient alternate routes 
of metabolism are not available. These 
include tryptamine, paratyramine, and a 
“metatyramine-like” substance. The in- 
hibitors can therefore be used to detect 
previously unsuspected pathways of, amino 
acid decarboxylation. The finding that the 
excretions of norepinephrine, epinephrine, 
3,4-dihydroxyphenylethylamine, and pos- 
sible serotonin are not appreciably af- 
fected are consistent with previous reports 
of the existence of alternative metabolic 
routes. 


Drugs which inhibit monoamine oxi- 
dase (MAQ) are being widely used as 
tools in research and as _ therapeutic 
agents in conditions such as psychic de- 
pression, angina pectoris, and hyperten- 
sion. At present their pharmacologic ac- 
tions are being considered entirely from 
the standpoint of the inhibition of sero- 
tonin (5-hydroxytryptamine) and norepi- 
nephrine metabolism in tissues such as 
brain and heart. While it is true that 
MAO inhibitors block completely the 
oxidative degradation of these two 
amines in vitro, other pathways for me- 
tabolism of the amines exist in vivo (1). 
The presence or absence of efficient al- 
ternate pathways for a given amine can 
be detected by determining whether or 
not the amount of amine excreted in the 
urine is increased during MAO inhibi- 
tion. It was decided, therefore, to study 
the excretion of amines in patients re- 
ceiving the MAO inhibitor 1-phenyl-2- 
hydrazinopropane (JB-516, Catron), 
since it has already been shown that this 
drug, in tolerable clinical dosage (2), 
effectively inhibits amine oxidase in man. 

Four patients with uncomplicated hy- 
pertension were used for these studies. 
Twenty-four-hour collections of urine 
were obtained before and during ther- 
apy with JB-516 in a daily dose of 25 
mg. Free norepinephrine and epineph- 
rine were assayed fluorometrically by a 
modification (3) of the trihydroxyindole 
method, following adsorption of cate- 
cholamines on alumina at pH 8.4 and 
elution with 0.2N acetic acid (4). Dop- 
amine (3,4-dihydroxyphenylethylamine) , 
was determined in the same eluates by 
the method of Carlsson and Waldeck 
(5). The method used for serotonin was 
that described by Udenfriend, Weiss- 
bach, and Brodie (6). Tryptamine was 
measured by a method described else- 
where (7). For paratyramine determina- 
tions, 10-ml samples of urine were ex- 
tracted, as described by Mitoma et al. 
(8), and the final acid extract was as- 
sayed fluorometrically, as reported for 
tyrosine (9). 

As shown in Table 1, there were no 
significant changes in the urinary excre- 
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tions of norepinephrine, epinephrine, and 
dopamine with MAO inhibition; this in- 
dicated the existence of efficient alter- 
nate pathways for the metabolism of 
these amines. Data for serotonin are not 
presented in the table becaues the chem- 
ical methods of determination are not 
suitable when urinary excretion is less 
than 500 ug/day. However, comparisons 
for all four patients were made before 
and after administration of JB-516, and 
in no instance did the levels rise to de- 
tectable values. In contrast, the excre- 
tions of tryptamine and of paratyramine 
were increased markedly. In other ex- 
periments daily excretions of these two 
amines have risen as high as 1100 ug for 
the former and 2400 ug for the latter. 

Preliminary studies have also shown 
that MAO inhibition produces a marked 
increase in many urinary amines, the 
majority of which are as yet unidenti- 
fied. One such substance has been tenta- 
tively identified as metatyramine. It has 
been isolated by passing samples of urine 
(3 percent of a 24-hour volume) through 
a Dowex 50-NH,* column at a neutral 
pH, followed by elution with 3N 
NH,OH. Eluates were concentrated in 
a vacuum and chromatographed on 
paper with butanol, acetic acid, and 
water (8:2:2). Metatyramine yields a 
characteristic light blue color at Ry of 
0.65 when the chromatograms are 
sprayed with 0.1l-percent 2,6-dichloro- 
quinone chloroimide in alcohol, fol- 
lowed by 0.5M borate buffer, pH 9.3. 
Tentative identification has been achieved 
by comparing the R, values of the ma- 
terial obtained from urine with those of 
authentic metatyramine in four solvent 
systems. These, and the colors obtained 
with several reagents, were found to be 
identical with those of the authentic 
compound. 

These results indicate that decarboxy- 
lation of amino acids is a more common 
phenomenon than has been suspected 
and that MAO inhibition should be 
viewed in the perspective of a general 
alteration in the metabolism of amines. 
The finding that the actions of an amine 
such as tryptamine, which has weak bio- 
logic activity, are greatly potentiated in 
animals treated with MAO inhibitors 
(10) supports this concept. Furthermore, 
the tryptamine content of tissues, in- 
cluding brain, can be greatly increased 
by administration of L-tryptophan to ani- 
mals after MAO blockade (//). In six 
patients the administration of L-trypto- 
phan (20 to 50 mg/kg) during therapy 
with JB-516 (25 mg/day) produced 
marked central effects, including hyper- 
reflexia, clonus, and symptoms similar to 
those that follow the ingestion of ethanol 
(7). The absence of such symptoms when 
tryptophan alone was given suggests that 
the agent producing these effects is an 
amine metabolite of tryptophan. 

The MAO inhibitors will undoubtedly 
prove valuable for the identification and 


Table 1. Urinary excretion of amines be- 
fore and during MAO inhibition with 
JB-516. 





Case Control : Dine * 
No (nnhde) inhibition 
S re (g/day) 
Norepinephrine 
1 33, 14 26, 49 
2 IS, 37 10, 8 
3 26, 39 36 
4 97 58 
Epinephrine 
2 a @ 4, 5 
3 o,~ 43 14 
4 20 15 
Dopamine 
1 270, 160 240, 160 
2 320, 270 360, 260 
3 390, 160 410 
Tryptamine 
1 68, 45 640, 940 
2 fk; 92 412, 362 
3 60, 50 834, 735 
+ 99, 101 555, 616 
p-T yramine 
1 190, 370 1060, 1180 
2 242, 300 784, 615 
3 315, 361 1420, 1280 
4 320, 430 





805, 960 


* After 5 to 10 days of treatment. 


study of many amines which are other- 
wise almost completely metabolized. The 
demonstration of such unsuspected prod- 
ucts of amino acid decarboxylation is 
also of clinical interest, particularly in 
view of the findings with tryptophan, 
since it indicates that the dietary intake 
of amino acids is an important factor to 
consider in evaluating the actions of 
MAO inhibitors. 
A. SjoerpsMa, W. LovENBERG, 
J. A. Oates, J. R. Crovut, 
S. UpENFRIEND 
Section on Experimental Therapeutics 
and Laboratory of Clinical 
Biochemistry, National Heart Institute, 
Bethesda, Maryland 
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Association Affairs 


Additional Program Notes, 
Hotel Headquarters, and Housing 
for the Chicago Meeting 


The preliminary announcement of 
the seventh Chicago meeting of the 
American Association for the Advance- 
ment of Science, 26-31 Dec. 1959 
Science 129, 1431 (22 May 1959)] was 
principally an outline of the many ses- 
sions of the 18 AAAS sections and of 
some 80 participating organizations. It 
was apparent that the Chicago meeting 
will be well balanced in its coverage— 
that every principal field of science, 
from astronomy to zoology, will be rep- 
resented. Since virtually all the sessions 
will be held in four hotels within two 
blocks of one another, the meeting will 
also be particularly convenient. 

Additional details of the program of 
this 126th AAAS meeting have come 
in since the publication of the prelimi- 
nary announcement. In several instances 
symposia have been expanded, speakers 
of prominence have accepted invita- 
tions, and program chairmen have raised 
their original attendance estimates. 

Supplementing the program material 
of the preliminary announcement, are 
two symposia sponsored by Section F- 
Zoological Sciences. One of these, on the 
organization of the cell, is being arranged 
by Norman G. Anderson (Oak Ridge 
National Laboratory); the other, to be 
composed of two sessions on applications 
of electron microscopy to zoological re- 
search, is the responsibility of Austin M. 
Brues (Argonne National Laboratory). 
These two symposia are additional to 
the one on “Unsolved Problems in Biol- 
ogy IV,” which is being jointly spon- 
sored by Section F and Section G—Bo- 
tanical Sciences. 

The symposium of the Chicago Acad- 
emy of Sciences, being arranged by Rich- 
ard A. Edgren (Chicago Academy of 
Sciences), will be on the “Physiology of 
Reproduction in Birds” and will occupy 
four sessions. Speakers are: R. A. 
Edgren, Albert Wolfson, C. L. Ralph, 
A. V. Nalbandov, and T. W. Harris. 
L. B. Arey, president of the Academy, 
will welcome the attendance. 

The four areas of the symposium, “In- 
teraction in Nature: A Symposium on 
Modern Ecology” (27 and 28 Dec.), or- 
ganized by Arthur D. Hasler for the 
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American Society of Naturalists, and 
cosponsored by the Ecological Society 
of America and the American Society of 
Limnology and Oceanography are popu- 
lation ecology (Paul B. Sears, Thomas 
Burnett, and Thomas Park), conversion 
of energy (Basil Slobodkin, Howard T. 
Odum, and George L. Clarke), nature 
of adaption in plants (Edwin B Kurtz, 
Jr., and John T. Curtis), and ecology of 
behavior (Talbot H. Waterman, William 
S. Hoar, and Theodore Bullock). 

Besides the cosponsorship of much of 
Section L’s program, the Philosophy of 
Science Association will have a session 
on the nature of public interest with 
Wayne A. R. Leys (Roosevelt College) 
in charge. 

The two-session symposium on the 
upper atmosphere, being arranged for 
the American Geophysical Union by 
Stanley Ruttenberg, (National Academy 
of Sciences-U.S. National Committee 
for the IGY) will be officially cospon- 
sored by the U.S. National Committee 
for the International Geophysical Year. 

AAAS headquarters and center of the 
meeting will be the “world’s tallest 
hotel,” the 46-story Morrison, which has 
separate entrances on Clark and Madi- 
son streets. In recent years, the 1800- 
room Morrison’s exhibit facilities have 
been expanded, and new sessions rooms 
have been created; thus this hotel in 
itself can accommodate conventions of 
considerable size. The Morrison will be 
the location of the AAAS Main Regis- 
tration-Information Center; the Visible 
Directory of Registrants; AAAS Office, 
Pressroom, and Science Theatre; and the 
large-scale exhibits of the Annual Expo- 
sition of Science and Industry. 

The Terrace Casino and the Grand 
Ballroom of the Morrison, between 
them, will accommodate the AAAS gen- 
eral symposium, “Moving Frontiers of 
Science IV”; the AAAS presidential 
address (by Wallace R. Brode) and re- 
ception; all of the larger sessions each 
morning and afternoon; and the evening 
addresses of the United Chapters of Phi 
Beta Kappa-Society of the Sigma Xi, 
the Tau Beta Pi Association, and the 
National Geographic Society. The Biol- 
ogists’ Smoker (29 Dec.) and the AAAS 
Smoker for all registrants (30 Dec.) will 
also be held in the Terrace Casino. 

These and other public rooms of the 





Morrison will be used for the joint ses- 
sions of the American Geophysical Union 
and the IGY, the Scientific Research So- 
ciety of America address, the AAAS 
business sessions, and other events of 
general interest. A majority of the sec- 
tional programs, such as those in phys- 
ics, botany, zoology, medical sciences, 
pharmacy, and agriculture will be held 
in the Morrison. 

The Hamilton Hotel, on Dearborn 
Street around the corner from the Madi- 
son Street entrance of the Morrison, will 
be almost as convenient as the Morrison 
to the Visible Directory, Science Thea- 
tre, and exhibits. In general, the sessions 
of Sections C-Chemistry, E-Geology 
and Geography, and Nd—Dentistry will 
be held at the Hamilton. 

Section Q-Education and the sci- 
ence-teaching societies—the National 
Association of Biology Teachers, the 
National Association for Research in 
Science Teaching, the National Science 
Teachers Association, the American Na- 
ture Study Society, and the Central 
Association of Science and Mathematics 
Teachers—will be based at the Hotel 
Sherman, shared by the annual conven- 
tion of the Illinois Education Associa- 
tion. The Hotel LaSalle will house most 
of the sessions of Sections H, K, L, and 
P and the societies affiliated with or re- 
lated to them. 

A detailed list of the headquarters for 
each section and participating organi- 
zations is appended, since it is an obvi- 
ous convenience for each person attend- 
ing the meeting to have this information 
before he applies for room reservations. 


Housing 


The four hotels for the AAAS meet- 
ing have all established special rates, 
much lower than their usual rates, for 
the AAAS members and others attend- 
ing the meeting. Thus everyone who 
makes room reservations through the 
AAAS Housing Bureau can be assured 
of substantial savings. 

Beginning with this issue of Science, 
the advertising pages will carry, at fre- 
quent intervals, announcements of hotel 
accommodations and_ rates, together 
with a coupon which should be filled out 
and sent, not to any hotel directly, but 
to the AAAS Housing Bureau in Chi- 
cago. All applications for hotel rooms 
will be filled in the order of receipt. 
Those who apply early are assured 
of the hotel of their first choice. More- 
over, since large blocks of rooms have 
been reserved at each price level, early 
applicants can expect that a room can 
be supplied at their requested minimum 
rate. All confirmations will state the 
rate assigned. It is suggested that the 
maximum rate, which you do not wish 
to exceed, and your desired rate both be 
stated on your housing application. 
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tems for measuring, recording and monitoring 
biophysical phenomena. Write for your copy of 
this valuable reference to Sanborn equipment. 


j 
hl eed For complete information call the 


§-_. Sanborn Branch Office or Service 









now you can record 


FETAL ECG’s 
EEG’s (monitoring) 
SMALL MUSCLE MYOGRAMS 


on a wide variety of 


SANBORN 


INSTRUMENTS 


wo new “high gain” preamplifiers now 

greatly expand the usefulness of Sanborn 
recording instruments for diagnosis and re- 
search. They make it possible to record fetal 
cardiograms, increasingly used in prenatal 
care ... EEG’s (e. g., monitoring anesthesia 
level or the level of oxygen provided by an 
oxygenator during open heart surgery)... 
and small muscle myograms as well. To those 
whose work indicates the need for recording 
these phenomena—this modern Sanborn in- 
strumentation offers outstanding accuracy, 
usefulness and operating ease. 





m.., Agency nearest you—or write Inquiry 
», Director, Medical Division. The 42- 
; , page Biophysical Catalog—available 
m on request—describes the eighteen 
major Sanborn instruments and sys- 





MODEL 55 EEG/ECG 
PREAMPLIFIER is a compact, 
completely portable unit 
which can be used with 
Model 51 and 100 Viso or 
Visette ’cardiographs; 
Twin-Beam; Twin-Viso; 
Models 64 or 77M Poly- 
Visos; 150M, 350M and 550M 
Systems or instruments 

of similar design. Only 

9” x 6" x 6”, it is fully 
transistorized and operates 
on built-in, long-lasting 
mercury batteries. Used 
with the single- or multi- 
channel recorders 
mentioned, sensitivity 

is 2 microvolts/chart 
division. 


MODEL 150-2700 is an interchangeable, 
plug-in “150” style preamplifier for use in 


any channel of a “150M” system. Design 


features include three input sensitivities 





a rSANBORN 
, COMPANY 


MEDICAL DIVISION ¢ 175 Wyman St., Waltham 54, Mass. 
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(High Gain: 20 uv/cm, Low Gain: 1 mv/cm, 
and DC: 20 mv/cm) six attenuator ratios, 
high in-phase rejection ratio and low noise. 
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Room expenses can be reduced still fur- 
ther if rooms are shared by two persons 
or if suites are shared by three or more 
persons. Upon request, all hotels will 
place comfortable cots in rooms or suites 
at $3 per night. All children under 12 


are free. 
Registration 


Both the technical, or program, ses- 
sions and the special sessions are open 
to all interested persons. Although regis- 
tration for these sessions is not manda- 
tory, it is expected that all who attend 
will wish to pay the AAAS registration 
fee of $3 and thus contribute a propor- 
tionate share to the heavy expenses of 
the meeting. (The registration fee for 
the spouse of a registrant, if a second 
General Program is not required is $1.) 

Each registrant receives the General 
Program, convention literature, listing 
in the Visible Directory of Registrants, 
and a Convention Badge, which assures 
him all privileges of the meeting. The 
badge is required for admission to the 
large-scale exhibits, the AAAS Science 
Theatre, the presidential reception, and 
the AAAS Smoker. Refreshments are 
served at the last two events. 

This year the General Program will 
be reduced to some 200 pages (8 ounces) 
by some compression of cross references 
but principally by the removal and sepa- 
rate printing of the directory. The Gen- 
eral Program will be both more readable 
and easier to carry. 

Advance registration has some de- 
cided advantages: delay at the registra- 
tion desks upon arrival is eliminated; 
the General Program, which is sent out 
by first-class mail early in December, 
enables one, at leisure, to determine 
which events and sessions he particularly 
wishes to attend; and one’s name is 
posted in the Visible Directory of Regis- 
trants as the meeting opens. (The hotel 
room can be added later, by the regis- 
trant himself, if he wishes. ) 

An announcement on advance regis- 
tration and a coupon for it will also be 
found in the advertising pages of this 
issue of Science and at intervals here- 
after. 

The Directory of AAAS Officers and 
Activities has already been published. It 
may be ordered now, on the same ad- 
vance registration coupon, or it may be 
secured at the meeting. 


Hotels 


Societies are grouped in the same se- 
quence of disciplines as the letters of the 
AAAS sections. 

Morrison (1800 rooms), 79 W. Madi- 
son St.: AAAS; Press; AAAS Commit- 
tee on Science and the Promotion of 
Human Welfare; AAAS Sections A- 
Mathematics, B—Physics, D-Astronomy, 
F-Zoological Sciences, G—Botanical Sci- 
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ences, I-—Psychology, M-Engineering, 
N-Medical Sciences, Np-Pharmacy, and 
O-Agriculture. 

Association for Computing Machin- 
ery, Society for Industrial and Applied 
Mathematics 

American  Astronautical Society, 
American Meteorological Society, Phys- 
ics Club of Chicago 


American Association of Clinical 
Chemists 

Astronomical League 

National Geographic Society, Na- 


tional Speleological Society 

American Society of Zoologists, So- 
ciety of Systematic Zooiogy 

American Genetic Association, Amer- 
ican Society of Limnology and Ocean- 
ography, American Society of Natural- 
ists, Beta Beta Beta Honorary Biologi- 
cal Society, Ecological Society of Amer- 
ica, Genetics Society of America, So- 
ciety of General Physiologists 

American Society of Plant Taxono- 
mists, Botanical Society of America 

Metric Association 

Tau Beta Pi Association, Western So- 
ciety of Engineers. 

Alpha Epsilon Delta, American Physi- 
ological Society, American Psychiatric 
Association, Gerontological Society 

American Association of Colleges of 
Pharmacy, American College of Apoth- 
ecaries, American Pharmaceutical Asso- 
ciation, Scientific Section, American 
Society of Pharmacists, National Asso- 
ciation of Boards of Pharmacy 

American Dairy Science Association, 
American Society for Horticultural Sci- 
ence, American Society of Agronomy, 
American Society of Animal Production, 
Poultry Science Association 

American Geophysical Union, Chi- 
cago Academy of Sciences, Conference 
on Scientific Communication, Interna- 
tional Geophysical Year, National Acad- 
emy of Sciences, National Association 
of Science Writers, National Science 
Foundation, Scientific Research Society 
of America, Sigma Delta Epsilon, So- 
ciety of the Sigma Xi, United Chapters 
of Phi Beta Kappa. 

Hamilton (256 rooms), 20 S. Dear- 
born St.; AAAS Sections C—Chemistry, 
E-Geology and Geography, and Nd- 
Dentistry 

American Chemical Society, Chicago 
Section 

Association of American Geogra- 
phers, Geological Society of America, 
Illinois Geographic Society 

Engineering Manpower Commission 

American College of Dentists, Amer- 
ican Dental Association, International 
Association for Dental Research 

Conference on Scientific Manpower, 
Scientific Manpower Commisison 

La Salle (900 rooms), 10 N. La Salle 
St.: AAAS Sections H—Anthropology, 
K-Social and Economic Sciences, L- 


History and Philosophy of Science, and 
P-Industrial Science 


American Economic Association, 
American Political Science Association, 
American Society of Criminology, 


American Sociological Society, Ameri- 
can Statistical Association, National 
Academy of Economics and Political 
Science, National Institute of Social 
and Behavioral Science, New York In- 
stitute of Criminology, Pi Gamma Mu, 
Population Association of America 

American Philosophical Association, 
Philosophy of Science Association, So- 
ciety for General Systems Research, So- 
ciety for the History of Technology 

Institute of Management Sciences 

Sherman (1600 rooms), Clark and 
Randolph Sts.: AAAS Cooperative 
Committee on the Teaching of Science 
and Mathematics; AAAS Section Q- 
Education 

National 
search 

American Educational Research As- 
sociation, Central Association of Science 
and Mathematics Teachers, Council for 
Exceptional Children, National Asso- 
ciation of Biology Teachers, National 
Association for Research in Science 
Teaching, National Science Teachers 
Association 

Academy Conference, American Na- 
ture Study Society. 

Raymonp L. Tay1or 

Associate Administrative Secretary 


Society for Medical Re- 


Forthcoming Events 


August 


23-27. Veterinary Medicine, 3rd Pan- 
American Cong., Kansas City, Mo. (B. D. 
Blood, Pan-American Congresses of Vet- 
erinary Medicine, P.O. Box 99, Azul, 
Buenos Aires Province, Argentina. ) 

24-26. American Accounting Assoc., 
Boulder, Colo. (C. Cox, 437 Hagerty Hall, 
Ohio State Univ., Columbus 10.) 

24—26. Anti-Submarine Warfare (clas- 
sified), symp., San Diego, Calif. (R. R. 
Dexter, Inst. of the Aeronautical Sciences, 
2 E. 64 St., New York 21.) 

24-26. Dynamics of Conducting Fluids, 
symp. (American Rocket Soc. and North- 
western Univ.), Evanston, Ill., (J. J. Har- 
ford, ARS, 500 Fifth Ave., New York 36.) 

24-27. American Hospital Assoc., New 
York, N.Y. (E. L. Crosby, 18 E. Division 
St., Chicago, Ill.) 

24-28. Australian and New Zealand 
Assoc. for the Advancement of Science, 
34th cong., Perth, Western Australia. (J. 
R. A. McMillan, Science House, 157 
Gloucester St., Sydney, Australia.) 

24-29. Infrared Spectroscopy Inst., 10th 
annual, Nashville, Tenn. (N. Fuson, Di- 
rector, Infrared Spectroscopy, Fisk Univ., 
Nashville 8.) 

24-29, International Assoc. for Hydrau- 
lic Research, cong., Montreal, Canada. 
(IAHR, c/o Laboratoire Hydraulique, 
Raam 61, Delft, Netherlands. ) 

24-29. Ionization Phenomena in Gases, 
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APPLICATION FOR HOTEL RESERVATIONS 
126th AAAS MEETING 
Chicago, 26-31 December 1959 


The four hotels for the AAAS Chicago meeting have established special low rates and have reserved large blocks 
of rooms at each level within the price ranges quoted. Thus everyone making room reservations for the AAAS meeting 
is assured substantial savings. Further, all confirmations will state the room rate assigned. 

The list of hotels and their rates and the reservation coupon below are for your convenience in making your hotel 
reservation in Chicago. Please send your application, not to any hotel directly, but to the AAAS Housing Bureau in 
Chicago and thereby avoid delay and confusion. The experienced Housing Bureau will make assignments promptly; a 
confirmation will be sent you in two weeks or less. 

If desired, the hotels will add a cot at $3.00 per night—except that all children under 12 are free. Mail your 
application now to secure your first choice of desired accommodations. All requests for reservations must give a definite 
date and estimated hour of arrival, and also probable date of departure. 





AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


For a list of the headquarters of each participating society and section, see page 228, Science, 24 July. 


Rates for Rooms with Bath 











Hotel Single Double Bed Twin Bed Suite 
Morrison $6.50— 9.00 $9.00—13.00 $11.00—15.00 $30.00 and up 
Hamilton 6.50-— 9.50 9.00—13.00 11.00—15.00 25.00 and up 
La Salle 8.00—10.00 10.50—13.00 12.50-15.50 35.50 and up 
Sherman 7.45-12.45 11.45-16.45 14.45—19.50 28.50 and up 

gee pmeatias arpa amare ama THIS IS YOUR HOUSING RESERVATION COUPON -~—~-—~-~-~-~-~------— 


AAAS Housing Bureau 

Suite 900 RUNOC ON UNEEM 6 oo os obs Cake ncdaaaltie es occ nema aaa 
134 North La Salle Street 

Chicago 2, Ill. 


Please reserve the following accommodations for the 126th Meeting of the AAAS in Chicago, 26-31 Dec., 1959: 
TYPE OF ACCOMMODATION DESIRED 


MBIe RDOML, 50.6 3's secs be ate DOCRIOCEE MENG 0.6.6 bin 5 cgc.0 MAREMUEE RATE 6 occ cee cecais 

Double-Bedded Room ........ RUMI MNOS, 6 60.de ss cise e's Diamine RACE 0 ic cc ccicccus Number in party ..........06. 
Twin-Bedded Room .......... DPCRCET TURE oo vec cceee cs Mastin FRAtE. «0:5 600 0 cocci 

MG = oth Ke diOe aes diem Waly bcren' es BUMIROE BURRS oc ic secetnes Mas RAE. ci 006000 es Sharing this room will be: 


(Attach list if this space is insufficient. The name and address of each person, including yourself, must be listed.) 


CP e mere eee eee see ese ese SSEEEHEHSHESESE SHEESH HEHEHE SESE HEHEHE S SHESHEEEHEHSHEHH HEHEHE HEHEHE SESE EES HTH HHSHE SESE SESH HE SE HH SH HEHEHE EEE 


ee ee ee ee ee ee eee 


Maret CnsOe PIONEER Seeks Gs sees Seca Cac’ BOGE oie soca 'es Sas es ve Third Ciieice Total « ..... 0.05. ciccceuucte 
oe UO 7 Rn BOP a DOB BIER DATE, 0.5 osc edcigwinciecnsicccess to ceuumeaeame es 
(These must be indicated—add approximate hour, a.m. or p.m.) 

RCTS att, Shc ic RHMNMRIC TS CiareMAGracw GE ea ar aha bic. & 60-5 Wide bie p.sie dre MIU AIG T bee ale 0 6.0.06 sw os cede eteute see aeele ten Cees wn eiecgieate 

(Individual requesting reservation) (Please print or type) 
OL ai ee rh OP PV eae t ows Say eee ee eRe he teh eT ee Te CRT Kae 
(Street) (City and Zone) (State) 


Mail this now to the Housing Bureau. Rooms will be assigned and confirmed in order of receipt of reservation. 
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4th intern. conf., Upsala, Sweden. (A. 
Nilsson, Secretary-General, Inst. of Phys- 
ics, Upsala, Sweden.) 

24-29. Polarography, 2nd intern. cong., 
Cambridge, England. (Mrs. B. Lamb, 
Chemistry Lab., Evershed & Vignoles, 
Corner of Iveagh Ave., N. Circular Rd., 
London N.W.10, England. ) 

24-30. Modern Systems for Detecting 
and Evaluating Optical Radiation (In- 
tern. Optical Commission), symp., Stock- 
holm, Sweden. (S. S. Ballard, Dept. of 
Physics, Univ. of Florida, Gainesville. ) 

25-27. Petroleum Industry Conf., AIEE, 
Long Beach, Calif. (N. S. Hibshman, 
AIEE, 33 W. 39 St., New York 18.) 

25-28. Alaskan Science Conf., Alaskan 


ELECTRIC 
DESALTER 


Rapidly removes 
inorganic salts that 
cause streaking in 

chromatography 

and 
electrophoresis. 


trodialysis cell. 





= Sample capacity of 3 to 15 ml in single size of elec- 


=» Two models available — with or without endpoint alarm. 


Write To Dept. A 
for descriptive literature, 
or call your nearest 
Authorized RSCo Distributor. 





<—~. 
SC) RESEARCH SPECIALTIES CO. 


Div., AAAS, 10th, Juneau. (N. J. Willi- 
movsky, Bur. of Commercial Fisheries, Box 
2021, Juneau. ) 

25-28. American Dietetic Assoc., 42nd 
annual, Los Angeles, Calif. (Miss R. M. 
Yakel, ADA, 620 N. Michigan Ave., Chi- 
cago 11, Ill.) 

25-30. American Ornithologists’ Union, 
Regina, Saskatchewan, Canada. (H. G. 
Deignan, Div. of Birds, U.S. National 
Museum, Washington 25.) 

26-28. Commemorating Soil and Water 
Conservation Progress, Soil Conservation 
Soc. of America, 14th annual, Rapid City, 
S.D. (H. W. Pritchard, 838 Fifth Ave., 
Des Moines 14, Iowa.) 

26-29. International of Milk 


4 
“ASSOC, 
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and Food Sanitarians, Glenwood Springs, 
Colo. (V. T. Foley, Health Dept., Kansas 
City, Mo.) 

26-29. International Union of Pure and 
Applied Chemistry, 20th conf., Munich, 
Germany. (Div. of Chemistry and Chemi- 
cal Technology, Natl. Research Council, 
Washington 25.) 

27-29. American Assoc., of Clinical 
Chemists, 11th annual, Cleveland, Ohio. 
(A. Hainline, Jr., AACC, Cleveland Clinic 
Foundation, 2020 E. 93 St., Cleveland 6.) 

27-29. American Physical Soc., Hawaii. 
(K. K. Darrow, APS, Columbia Univ., 
New York 27.) 

28-29. Weather Modification (with 
American Soc. of Civil Engineers), conf., 
Denver, Colo. (H. G. Houghton, AMS, 
Dept. of Meteorology, Massachusetts Inst. 
of Technology, Cambridge 39, Mass.) 

28-30. American Folklore Soc., annual, 
Albany and Cooperstown, N.Y. (MacE. 
Leach, 110 Bennett Hall, Univ. of Penn- 
sylvania, Philadelphia 4. ) 

28-31. Astronomical League, Denver, 
Colo. (R. Dakin, 720  Pittsford-Victor 
Rd., Pittsford, N.Y.) 

28-4. International Union for Scientific 
Study of Population, cong., Vienna, Aus- 
tria. (F. Lorimer, Dept. of Sociology, 
American Univ., Washington, D.C.) 

30-3. American Inst. of Biological Sci- 
ences, annual, University Park, Pa. (H. T. 
Cox, AIBS, 2000 P St., NW, Washington 
6.) 





The following 17 meetings are being 
held in conjunction with the AIBS mect- 
ing at University Park, Pa. 

American Microscopical Soc. (T. H. 
Cheng, Dept. of Zoology and Entomology, 
Pennsylvania State Univ., University 
Park.) 

American Phytopathological Soc. (J. E. 
Livingston, Dept. of Botany and Plant 
Pathology, Pennsylvania State Univ., Uni- 
versity Park. ) 

American Soc. for Horticultural Sci- 
ence. (R. E. Larson, Dept. of Horticul- 
ture, Pennsylvania State Univ., University 
Park.) 

American Soc. of Human Genetics. (C. 
C. Li, Graduate School of Public Health, 
Univ. of Pittsburgh, Pa.) 

American Soc. of Limnology and Ocean- 
ography. (E. L. Cooper, Dept. of Zool- 
ogy, Pennsylvania State Univ., University 
Park. ) 

American Soc. of Parasitologists. (T. 
H. Cheng, Dept. of Zoology and Ento- 
mology, Pennsylvania State Univ., Uni- 
versity Park. ) 

American Soc. of Plant Physiologists. 
(A. A. Benson, Agriculture and Biological 
Chemistry, Pennsylvania State Univ., Uni- 
versity Park. ) 

American Soc. of Zoologists. (A. An- 
thony, Dept. of Zoology, Pennsylvania 
State Univ., University Park.) 

Biometric Soc. (ENAR). (Miss C. S. 
Weil, Mellon Inst., 4400 Fifth Ave., Pitts- 
burgh, Pa.) 

Ecological Soc. of America. (M. W. 


Schein, Dept. of Poultry Husbandry, 
Pennsylvania State Univ., University 
Park.) 

Genetics Soc. of America. (J. E. 


Wright, Dept. of Genetics, Pennsylvania 
State Univ., University Park. ) 
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PHOTOVOLT Densitometer 








for Partition Chromatography 
and Paper Electrophoresis 





A photoelectric precision instrument for the rapid 
and convenient evaluation of strips and sheets 
of filter paper in partition chromatography and 
paper electrophoresis. 












Write for Bulletin #800 to 


PHOTOVOLT CORP. 


He Madison Avenue ‘ New York 16, N. Y. | : 





Colorimeters pH meters Electronic Photometers — 
| Fluorimeters Reflection Meters | Multiplier Photometers 
Kg Nephelometers Anterference Filters 





Inertial 
Guidance 
Gyros? 


New 


MITAC 


Gyroscopes! 








From Cenco—developed by MIT and the AC Spark Plug 
Div. of General Motors. For visual demonstration of gyro- 
scopic principles—inertia, precession, nutation, single and 
two degrees of freedom gyro, automatic pilot or inertial 
—— gyro compass, laws of motion. Motor driven. 

omplete with built-in turn table and handbook of experi- 


ments and theory No. 74730 Deluxe Research Model $254.00 


Coneo 


CENTRAL SCIENTIFIC CO. 


A Subsidiary of Cenco Instruments Corporation 
1718M Irving Park Road ® Chicago 13, lilinois 
B hy end Wark nanbe 





bd 
Boston e Birmingham © Santa Clara ¢ Los Angeles « Tulsa 
Houston ¢ Toronto Montreal « Vancouver « Ottawa 
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A general view of one of the isotope laboratories. 





Wide 
resources 
and 
exper1ence 


back 
RADIOGHEMICGALS 
| from AMERSHAM 


New “‘active” laboratories at the Radio- 
chemical Centre, backed by the resources 
| and reactors of other U.K.A.E.A. estab- 
lishments, now give us still greater 
facilities for making radiochemicals. 

Our ten years’ experience preparing 
labelled compounds on a large scale helps 
| us to choose the best synthetic routes—to 
obtain the highest yields—to ensure 
chemical and radiochemical purity—and 
to offer the widest range. 

We serve biochemists, radiotherapists and 
diagnosticians, industrial chemists and 
many other tracer users. We are pleased 
to offer advice—and often make special 
labelled materials for their use. Write to 
Amersham for our general lists or tell us 
about your particular problem. 











THE RADIOCHEMICAL CENTRE 
AMERSHAM. BUCKINGHAMSHIRE, ENGLAND 
THS/RC 31 
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National Assoc. of Biology Teachers. 
(H. S. Fowler, Science Education, Penn- 
sylvania State Univ., University Park.) 

Nature Conservancy. (W. Sharp, Penn- 
sylvania Cooperative Wildlife Reserve, 
206 Forestry Bldg., Pennsylvania State 
Univ., University Park. ) 

Society for Industrial Microbiology. 
(Miss M. B. O’Hara, Applied Sciences 
Labs., Inc., State College, Pa.; or A. 
Rose, 525 S. Gill St., State College.) 

Society of Protozoologists. (H. Frings, 
Dept. of Zoology, Pennsylvania State 
Univ., University Park.) 

Society for the Study of Development 
and Growth. (J. E. Livingston, Dept. of 


Botany and Plant Pathology, Pennsylva- 
nia State University, University Park.) 
Tomato Genetics Cooperative. (B. L. 
Pollack, Dept. of Horticulture, Pennsyl- 
vania State Univ., University Park.) 





30-4. American Cong. of Physical 
Medicine and Rehabilitation, Minneapo- 
lis, Minn. (Miss D. C. Augustin, 30 W. 
Michigan Ave., Chicago 2, IIl.) 

30-4. Laurentian Hormone Contf., 
Mont Tremblant, Quebec, Canada. (G. 
Pincus, 222 Maple Ave., Shrewsbury, 
Mass. ) 

30-4. Medical Education, 2nd world 
conf., Chicago, Ill. (World Medical 





Heat WHERE You Want It... WHEN You Want It! 


Ffectrothermal 
HEATING TAPES 


A SAFE, ECONOMICAL, EFFICIENT SURFACE HEATER 


Electrothermal Heating Tapes consist of one or more fabric 


Nn 


wo 


is hel 





The ta 


bands of resistance wire, separated or bordered by bands of 
high-temperature-resisting glass fiber yarn. The width and 
length of the various tapes are carefully determined by the 
current carrying capacity of the resistance wire. Temperatures 
of 400°C and over can be reached inside a glass tube of 
2mm wall thickness. 


THREE TYPES AVAILABLE 


1. UNINSULATED—Current-carrying resistance wires are in 
direct contact with the surface to be heated. It is possible 
to look through this tape and is of great value for re- 
search work when wound on a transparent surface. 

. INSULATED ON ONE SIDE—This tape is also applied with 
direct contact between the resistance wire and the surface 
to be heated 
greatly reduced by the addition of a layer of a knitted 

lass yarn on one side. 

. INSULATED ON BOTH SIDES—This tape is composed of 
two insulation layers with current-carrying bands in the 
center. May be safely wound on metal making it spe- 
cially suitable for heating steel tubes, valves, nozzles and 
other conducting surfaces. 

e is simply wound across the body to be heated, and 
in position by glass laces at both ends. A suitable 

control device such as a ‘‘Powerstat’’ or variable auto-trans- 


. but heat losses to atmosphere are 


former should be used with the tapes. 


Width 
in inches 


Watts 


at 115Vv. | Amps: 


Ql Py oO al > 


|B! D/O] OF) B) RD) CO) OF) B/D) CO 


Uninsulated aide 
Cat. No. S-65080 | C44, No. $-65090 | Cat. No. $-65100 


both sides 


ea. .40 ea. ea. 
12,25 “ 1 # 18.75 " 
16.75 “” ud 
19 7 7 


(Average Load 
of Heating 
Tapes is 21/2 
Watts/Sq. in.) 





Cat. No. $-55809 Powerstat, Variable Transformer, for controlling temperature 
of Heating Tapes. Has input of 115V, 50/60 cycles. Maximum output rating 


7.5 amps. 
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each $26.00 


S STANDARD SCIENTIFIC 


808 BROADWAY 


A) Supply Corp. riwrvors.nr 
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Assoc., 10 Columbus Circle, New York 
19.) 

30-5. World Federation for Mental 
Health, 12th annual, Barcelona, Spain. 
(Miss E. M. Thornton, Secretary-Gen- 
eral, WFMH, 19, Manchester St., Lon- 
don W.1, England.) 

30-6. History of Science, 9th intern. 
cong., Barcelona and Madrid, Spain. (J. 
Vernet, via Layetona 141, Barcelona.) 

30-6. Residues on Crops and/or the 
Problem of Insect Resistance to Insecti- 
cides, symp., Munich, Germany. (R. 
Morf, Secretary-General, IUPAC, c/o 
Sandoz, S. A., Basel, Switzerland.) 

30-6. Thermodynamics and Experi- 
mental Thermochemistry, 17th intern. 
cong. (Intern. Union of Pure and Ap- 
plied Chemistry), Munich, Germany. 
(Div. of Chemistry and Chemical Tech- 
nology, Natl. Research Council, Wash- 
ington 25.) 

30-12. International Oceanographic 
Cong. (AAAS, UNESCO, ICSU), New 
York, N.Y. (Miss M. Sears, chairman, 
Woods Hole Oceanographic Institution, 
Woods Hole, Mass.) 

31-2. Free Radical Stabilization, 4th 
intern. symp., Washington, D.C. (A. M. 
Bass, Natl. Bureau of Standards, Wash- 
ington 25.) 

31-2. Stratospheric Meteorology, conf., 
Minneapolis, Minn. (H. G. Houghton, 
AMS, Dept. of Meteorology, Massachu- 
setts Inst. of Technology, Cambridge 39, 
Mass. ) 

31-3. Biological Photographic Assoc., 
Montreal, Canada. (Miss J. H. Waters, 
P.O. Box 1668, Grand Central Station, 
New York 17.) 

31-3. Mathematical Assoc. of America, 
40th summer meeting, Salt Lake City, 
Utah. (H. M. Gehman, MAA, Univ. of 
Buffalo, Buffalo 14, N.Y.) 

31-4, Haematin Enzymes, symp. (by 
invitation), Canberra, Australia. (A. H. 
Ennar, John Curtin School of Medical 
Research, Australian National Univ., 
Canberra. ) 


September 


1-3. Association for Computing Ma- 
chinery, natl., Cambridge, Mass. (J. Mosh- 
man, Council for Economic and Industry 
Research, Inc., 1200 Jefferson Davis High- 
way, Arlington 2, Va.) 

1-6. College of American Pathologists, 
Chicago, Ill. (A. H. Dearing, Suite 2115 
Prudential Plaza, Chicago 1.) 

1-7. History and Philosophy of Science 
(General Assembly, History Div., Intern. 
Union of the History and Philosophy of 
Science), Barcelona, Spain. (R. Taton, 
IUHPS, 64, rue Gay-Lussac, Paris 5°, 
France. ) 

1-8. Acoustics, 3rd intern. cong., Stutt- 
gart, Germany. (E. Zwicker, Breitscheid- 
strasse 3, Stuttgart N.) 

1-7 Oct. International Civil Aviation 
Organization (Meteorological  Div.), 
Montreal, Canada. (ICAO, Maison de 
lAviation Internationale, Montreal. ) 

2-4. Allergy, 4th European cong., Lon- 
don, England. (British Assoc. of Allergists, 
Wright-Fleming Inst., St. Mary’s Hospital, 
London, W.2.) 


(See issue of 19 June for comprehensive list) 
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New Products 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable, and it reflects the claims of 
the manufacturer or other source. Neither Science 
nor the writer assumes responsibility for the accu- 
racy of the information. A coupon for use in mak- 
ing inquiries concerning the items listed appears 
on page 238. 


"FLASH X-RAY EQUIPMENT furnishes an 
x-ray pulse of about 1/6 usec duration. 
Intensities are said to be adequate for 
fragmentation or explosion studies at 
distances up to 6 ft after penetration of 
x-rays through 1-in. plywood. The flash 
tube is tripod-mounted with height ad- 
justable between 32 and 60 in. above 
floor level. The system may be fired by 
an externally generated input pulse, by 
closing a remotely located contact, or by 
depressing a panel push button. (Zenith 
Radio Corp., Dept. 931) 


BYARIABLE-RATE TURNTABLE is designed 
for testing inertial devices weighing up 
to 50 lb. Two models are available. A 
high-speed model has a dynamic range 
of +1200 deg/sec. Range of the slow- 
speed model is +1 deg/hr. The turn- 
tables can pass smoothly and repeatably 
through zero speed. Speed regulation is 
+0.02 percent of range and previously 
programmed speed is repeated after 
stopping with accuracy within + 0.5 per- 
cent of maximum. A strip-chart recorder 
continuously indicates and records table 
speed. (J. W. Fecker, Inc., Dept. 932) 


"ELECTRON MICROSCOPE provides up to 
x 200,000 direct magnification for visual 
observation or for photographic record- 
ing on a 3%4-by 4-in. plate. Magnifica- 
tion is indicated with accuracy of +5 
percent. Resolving power is said to be 
10 A or better. The electron-optical sys- 
tem includes six electromagnetic lenses. 
Minimum beam diameter is 1 to 2 w at 
the specimen. Accelerating voltages of 
40, 60, 80, and 100 kv, selectable during 
operation, are provided. Beam current is 
adjustable between 10 and 150 wa. Cur- 
tent stability of +5x10-® and voltage 
stability of + 10-5 are claimed. Evacua- 
tion time after specimen change is 20 
< (Philips Electronics, Inc., Dept. 
34) 


"AUTOMATIC RECORDING TITRATOR is de- 
igned to make variable pH and con- 
stant pH titrations automatically. The 
recorder plots either variation of pH as 
a function of volume of titrating solu- 
tion added, or the volume of titrating 
“lution required to maintain constant 
pH as a function of time. For variable 
pH or EMF titration, a motor-driven 
burette delivers titrant to the cell as the 
sample is agitated by a magnetic stirrer. 
For derivative pH or EMF titration, the 
fH meter is coupled to the recorder 
through an electronic differentiator. Pro- 
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2.62 


FUNDAMENTAL OH STRETCHING 
WATER BANDS 


FUNDAMENTAL OH STRETCHING 


WATER BANDS 
RANGE: 2.50-2.65 microns RESOLUTION: 1 cni (6A) 


The above curve illustrates the high resolution that users of 
Cary Model 14 Spectrophotometers are getting for measurements 
in the near-IR region. The Model 14’s ability to resolve such fine 
structure is a feature not ordinarily found in a general purpose 
instrument having a wide wavelength range (1860 A-2.65 microns). 
In most of the ultraviolet-visible region, resolving power of the 
Model 14 is better than 1A. 

High resolving power is just one of many features that make 
the Model 14 so useful. A broad wavelength range, a wide choice 
of scanning and chart speeds, accommodation of a variety of types 
and sizes of sample cells, stray light of less than 1 ppm, photo- 
metric reproducibility better than .004 in absorbance even at high 
absorbance, and many special accessories suit the Model 14 to a 
wide variety of spectrophotometric problems requiring fast, accu- 
rate analyses. These and other performance features have made 
it the preferred recording spectrophotometer of leading research 
laboratories throughout the world. 


Details of these benefits and c 
complete specifications on the < 
Model 14 are yours for the _ 
asking. Write for Data File £12-79 
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vision is made for plotting the second 
derivative function. For constant pH or 
EMF titration, a servomechanism is em- 
ployed in which a motor-driven burette 
delivers titrant in response to an error 
signal received from a pH comparator. 
Titrant is fed until the preset value is 
reached. Precision of +0.02 pH units or 
+1.2 mv is claimed. Burette capacity is 
1 ml for the standard unit, and cell 
volume is 15 ml. The temperature of 
the titration cell is maintained within 
+0.1°C of the desired temperature. 
Polarad Electronics Corp., Dept. 940) 


™@ VARIABLE TEMPERATURE BATH is con- 
trolled by ten separate thermistor con- 
trols over the range —55° to + 100°C, 
Accuracy is +0.1°C. Interiors are made 
of stainless steel. Units are equipped 
with 1 hp motors for agitation. Over-all 
dimensions are 46 by 36 by 38 in. (Lab- 
line Inc., Dept. 933) 


ANALYZER _ features 
plug-in units for pulse-height analysis, 
neutron time-of-flight | measurement, 
pulsed-neutron decay measurements, or 
program. The instru- 
ment provides 256 channels with 65,- 
535-count capacity per channel. The 
main unit magnetic-core 
memory, memory current drive circuits, 
memory cycle control binaries, address 


® MULTICHANNEL 


special-purpose 


contains a 









CATALOG 
No. 22700 


e 
HIGH 
IMPEDANCE INPUT 


e 
5” USEFUL 
CHART WIDTH 


zo ® 
PEN TRAVEL 
2” SECOND STD. 
e 


RAPID PEN CHANGING 


e 
TABLE OR PANEL 
MOUNTING 


e 
HIGH STABILITY 
a 


424 N. HOMAN AVE, ° 


saeaeuaa> SERVO-GRAPHIC 
STRIP CHART| 
RECORDER | | 


| 

| 

in the 10 to 100 Millivolt DC range | 
at the Lowest (ost 
The principle of operation is based on 
a null balancing system using a multi- | 
turn potentiometer and servo-motor. | 
The simple basic design and rugged | 
construction provides utmost relia- 
bility. Features: long life photo- 
electric chopper, rectilinear record- 
ing, variety of chart speeds and drives, 
mounts and writes horizontal or vertical, 


all components readily accessible. 


C. H. STOELTING CO. 


CHICAGO 24, ILL. 





and arithmetic binaries, binary-to-analog 
converters, 3-in. cathode-ray-tube dis- 
play, and power supplies. A variety of 
data read-out systems is _ available. 
(Technical Measurement Corp., Dept. 
941) 


@® NULL DETECTOR is a d-c instrument 
with 8 ranges of sensitivity from 10 pv 
to 100 v full scale. The instrument may 
be used as a d-c amplifier with gain of 
100 db and input resistance 10 megohm. 
Two modes of operation, selectable by 
panel or foot switch, are provided. In 
the “hunt” mode 60 db of meter scale 
is available without switching. In the 
calibrate mode, the meter scale is linear 
from — 1.2 to 0 to +1.2 
tronics Corp., Dept. 937) 





(Boonton Elec- 





™ CALIBRATION STANDARD uses digital 
presentation of voltage and current. 
Voltages range from 1 mv to 2000 v in 
12 ranges for d-c and in 14 ranges for 
a-c. Current range is 10 wa to 30 amp 
full scale, a-c and d-c. Accuracies of 
+0.1 percent for d-c and +0.3 percent 
for a-c are claimed. Protective interlocks 
prevent damage to instruments being 
calibrated. Accuracy can be increased 
by using a synchronous motor and gen- 
erator set between the power line and 
the calibrator. (Radio Frequency Labs. 


Inc., Dept. 944) 


™ ACCELEROMETERS Of crystal type are 
designed to operate in ambient tem- 
peratures —65 and +540°F without 
cooling or correction. Sixteen models 
are available with sensitivities ranging 
from 30 mv/g to 1 mv/g and natural 
frequencies ranging from 65 to 150 
kcy/sec. Output is said to be accurate 
to +5 percent and linear to 8 kcy/sec 
and down to 2 cy/sec when the unit is 
used with the manufacturer’s cathode 
follower and probe. (Columbia Research 


Lab., Dept. 938) 


™AiR MONITOR for particulate radioac- 
tivity detects alpha, beta, and gamma 
activity, records the amount on a con- 
tinuous chart, and warns by light and 
bell when preset limits are exceeded. 
The unit will operate unattended for 
about 5 days. Maximum counting rate 
is 50,000 count/min. (Nuclear Measure- 
ments Corp., Dept. 936) 


™ POWER SUPPLY furnishes 3 to 1000 v 
d-c at 500 ma. Full current is available 
at all voltage settings. Load and line 
regulation is 450 mv or 0.045 percent, 
whichever is greater. Maximum ripple 
is 8 mv r.m.s. (Dressen-Barnes Corp., 
Dept. 939) 

JosHua STERN 
National Bureau of Standards, 
Washington, D.C. 














| GLASS ABSORPTION 
| CELLS 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


made 
by 


KLETT 























Klett Manufacturing Co. 
179 East 87 Street, New York, New York 
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EMISTRY 


SERUMS 


When run in parallel with your unknowns, these 
versatile control serums provide a close, 
dependable check on technics, instruments and 
reagents. Both serums are prepared from 

freshly drawn human blood and freeze-dried to 
insure the stability of the labeled values. 

Both are repeatedly assayed by three independent 
laboratories before release; mean values and 
acceptable range are charted for each lot. Both are 
prepared for use simply by adding distilled 
water. And both are stable for five days after 
reconstitution (except for glucose) when 

stored under refrigeration. 


Abnormal Clinical Chemistry 
Control Serum is available in 5 cc 
vials, in boxes of 3 vials ($5.50) or 
6 vials ($9.00). Normal Clinical 
Chemistry Control Serum is 
supplied in 5 cc vials, 6 per box, 

at $9.00 per box. 
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ABNORMAL 


clinical chemistry control serum 


containing elevated 


Non-Protein Nitrogen 
concentrations of 


Protein-bound Iodine 


Amylase Phosphorus, inorganic 
Alkaline Phosphatase *Transaminase (SGO-T) 
Bilirubin 


Urea Nitrogen 


NORMAL 


clinical chemistry control serum 


containing zormal levels of 


Albumin Phosphorus, inorganic 


Calcium Potassium 
Chloride Protein-bound Iodine 
Cholesterol Sodium 


Total Protein 
*Transaminase (SGO-T) 
Urea Nitrogen 
Uric Acid 
*The transaminase values in Hyland Clinical Chemistry 
Control Serums represent actual enzyme activity, completely 
controlling all procedures, including spectrophotometric. 


HYLAND LABORATORIES 
4501 Colorado Blvd., Los Angeles 39, Calif. 
160 Lockwood Ave., Yonkers, N.Y. 


Creatinine 

Globulin 

Glucose 

Non-Protein Nitrogen 














A valveless pump that offers the ultimate in 
freedom from contamination of the liquid 
pumped, either from the pump itself or from 
previously pumped liquids. For infusing ac- 
curately small volumes of solutions at the rate of 
0.5 ml through 25 ml with a variation of less 
than 5% at pressures up to 200 mm Hg. De- 
livery rate can be changed rapidly by means of 
a simple screw adjustment. A graduated scale 
makes it possible to accurately reproduce desired 
rates. Stopping to refill syringe is eliminated by 
use of a reservoir. The length of delivery run 
is determined by volume of reservoir. 


CAT. NO. 71-046 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific Equipment 
6th & Byrd Streets - Richmond, Va. 
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A MICRO SYRINGE/BURETTE 


Graduated In Units Of 0.0001 ml. 







Volume of liquid delivered is 
precisely measured with 
a micrometer — down to 


0.0001 ml. 


Total capacity 0.25 ml. 





Volume setting can be maintained 
for repeated deliveries of 


Quickly converted from 








CALIFORNIA LABORATORY EQUIPMENT CO. 

























INEXPENSIVE 
“SCIENCE” 
BINDERS 





Keep your copies of SCIENCE always available for 
quick, easy reference in this attractive, practical 
—— binder. Simply snap the magazine in or out in a few 
identical volumes. seconds—no punching or mutilating. It opens FLAT 
—for easy reference and readability. Sturdily con- 
structed—holds 26 issues. 


micro-syringe to micro-burette. Now made of stronger materials to accommodate 
heavier volumes. 

Teflon, glass, and stainless This beautiful maroon buckham binder stamped in 

steel construction. gold leaf will make a fine addition to your library. 
Only $3.25 postpaid; add 50¢ for orders outside 

Write for Brochure SM U.S.A. (Personal check or money order, please.) 


Name of owner, 75¢ extra; year of issues, 50¢ extra. 


98 Rincon Road : Berkeley 7, California S c '. N ic b e diane en. Ave., NW, 

























































































7/17, 24 





. INI | 
CLASSIFIED: Positions Wanted, 25¢ per IH{I|| POSITIONS OPEN |i POSITIONS OPEN | 
ASSIFIED: Positions Wanted, 25¢ per IM HA EN iil 
words. Papin rasaies P pcan rar (a) Bacteriologist; M.S., Ph.D. experienced ad- 
Positions Open, $33 per inch or frac- | | few ¥00‘bed hospital to open fall 1955 seplacing ee ae 
tion thereof. No charge for box ; ‘ealty <1 i Bois go CHEMICALS RESEARCH 
plectda a present 300-bed_ facility; teaching, research op- 
. io portunity additionally; southeastern resort lo- ° . 
COPY for classified ads must reach cation, (b) Biochemist; Ph.D. preferred to head An exceptional opportunity for an ex- 
kr te ‘ weeks — date of issue busy section, supervise eight technologists; am- perienced biologist is available with a 
DIS eee cite no charge | | osha ene, UNG idmeees | | leading chemical manufacturing compon 
: ca ig rge - a spital ; ,000 ; ‘ . : . 
for Box number. Monthly invoices will metropolitan area. (c) Bacteriologist; Ph.D. to to assume the leadership of the biological 
be sent on a charge account basis — conduct basic research and infectious diseases, phases of its agricultural chemicals re- 
provided that satisfactory credit is ee ee, ae search and development program. 
established. drugs ; A aha $ 1 3 prominent eastern con- The man for this position must have a Ph.D. 
Single insertion $33.00 per inch ae Be! oo AETACO! ogist; Ph.D. to serve as degree in some branch of biological science, such as 
4 times in 1 year 30.00 per inch ys — irector | eee a entomology, plant physiology or plant pathology. Ex- 
7 times in 1 year 28.00 per inch deve og y ane eS een manutacturing tensive experience in the successful administration of 
13 times in 1 year 27.00 per inch — — analytical control; midwestern re- an industrial pesticide research and development 
26 times in 1 year 26.00 per inch aes oratories. Woodward Medical Bureau, program is required and the candidate should be 
52 times in 1 year 25.00 per inch roe oodward, Director, 185 North Wabash, well established in his field and known for his 
For PROOFS on display ads, copy must -hicago. > accomplishments through publications and personal 
reach SCIENCE 4 weeks before date Biochemist, Medical. Ph.D. preferred. To super- contacts. 
of issue (Friday of every week). vise — develop procedures in central laboratory by i was _— 2 the — . 
: for patholo roup serving five large:} tal one of our key research men into an executive posi- 
ee Sa ads should be addressed in Tos hea Hom Pace Se ee ee tion; his replacement is of vital importance to our 
Box (give number) chromatography, electrophoresis and enzyme and company in maintaining its strong competitive 
Stighte steroid methods in clinical medicine. Address re- position and reputation in the field of agricultural 
1515 Massachusetts Ave., NW plies pb Dr. Angus Wright, 679 S. Westlake, —" which have been built over a number of 
; 4 .os Angeles 57, California. 7/17, z doseeiy 
Washington 5, D.C. ee / Your inquiry will be promptly acknowledged and 
in return you will receive a detailed description of 
POSITIONS BIOCHEMIST DEPARTMENT HEAD the qualifications of the man we seek, his responsi- 
( HM Hil | NS WANTED (MAIMA Ph.D. or equivalent desired with broad bilities, and the research facilities available to him. 
interests in ENZYMOLOGY, METABOLISM and its Box E 
Geneticist, Ph.D., minor physiology of repro- disorders. Very attractive position in research oe (os, Soe 
ae undergraduate training in — A nod a of Peoereasive and expanding 
bandry. Desire teaching position. Frank Rice, pharmaceutical firm. Please give detailed Chief Laboratory Assistant in general biology. 
Box 810, Miles City, Mont. 7/24, 31 résumé of education and experience. Salary $3000 for academic A Ks 60. Be he 
ETHICON, INC. c/o Dr. Howard E. Woodin, Department of Br 
ue Tee’ tao" Coren. research and/or Route 22 Somerville, New Jersey ology, Middlebury College, Vermont. 

: : Microbial Geneticist. Position available with 
Virologist. Ph.D. Competent in virology, tissue A Good-Sized Charcoal Manufacturer wants an eastern pharmaceutical firm in fermentation area. 
culture, and phages. Broad experience in medical Experienced Production Man with knowledge of Broad scientific interests necessary. Please in- 
bacteriology, mycology. Desires research posi- building —— wae and making charcoal. dicate qualifications. Box 168, SCIENCE. 
tion. Box 138, SCIENCE, 7/24, 31 Box 167, SCIE E. 7/17, 24 
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III| POSITIONS OPEN |i 





(a) Clinical Investigator and, also, Medical 
Writer; former will travel 1/3 to 1/2 of his time, 
arranging traveling to his own convenience; 
medical writer should have excellent writing 
skills; medical and Ph.D. degrees for both posi- 
tions ; $12,000-$15,000; East. (b) Chemist, pref- 
erably Ph.D., 300-bed general hospital; prefer- 
ably man who will look upon association as 
career opportunity; college town; 100,000, near 
New York City; starting salary $8000. (c) Bio- 
chemist, Ph.D., well qualified in enzymology and 
ultramicrotechnique; will conduct research and 
serve as head of clinical tissue department; new 
building, important unit of large medical center 
afiliated with school of medicine; large city, 
Midwest. (d) Biochemist to supervise labora- 
tory, 325-bed hospital; research opportunity ; 
medical school city near Chicago; $7000-$9000. 
(e) Ph.D. or M.D. trained in physiology, bio- 
chemistry or pharmacology; duties consist 
principally investigations in clinical research with 
the rank of associate; one of leading pharma- 
ceutical companies; $12,000-$15,000; East (f) 


es Sy I Nh tec 
Market Place 


BOOKS + SERVICES + SUPPLIES - EQUIPMENT 


The 








DISPLAY: Monthly invoices will be sent 
on a charge account basis—provided 
that satisfactory credit is established. 
Single insertion $33.00 per inch 

4 times in 1 year 0.00 per inch 
7 times in 1 year 28.00 per inch 

13 times in 1 year 27.00 per inch 

26 times in 1 year 26.00 per inch 

52 times in 1 year 25.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 




















\\ll| SUPPLIES AND EQUIPMENT |] 
e HYPOPHYSECTOMIZED RATS 


Ship to all points via Air Express 

agin ak information write 
HORMONE ASSAY LABORATORIES, Inc. 

8159 South Spaulding Ave., Chicago 29, Ill. 












of the veterinarian 
to’ research. 


HYPOPHYSECT} MIZED RATS 


* CHARLES RIVER CD Caesarean-derived) 

* CHARLES RIVER S D (Sprague-Dawley 
descendants) 

* CHARLES RIVER W (Wistar descendants) 


THE CHARLES: RIVER BREEDING LABS 







































































or Medical Writer particularly well qualified in his Dept. B 1093 Beacon St. Brookline 46, Mass. 
| field; considerable experience required ; outstand- 
a ing opportunity. S7-4 Medical Bureau, Bur- 
WwW neice Larson, Director. 900 North Michigan = eS A A A ES = < = «= « «uu cau 
, Chicago. 2 
aT nue, } 
1- Immunochemist or Biochemist desiring training m + 
in a oney to join pt re Virus a ! USE THIS an, — MAILER to obtain 
group, for continuing studies on antigenic dif- 
ferences among viruses and synthesis of anti- urt er in ormation 
te bodies. fo pean title = a See 
training an experience, ox > 7/31 { 24 July 1959 
; ? 
™ Microbiologist-Biochemist: Ph.D; for basic [ / 
studies in macromolecular synthesis NA, 
¥. RNA, protein). Large research institute. Active ea ers eruice 
research group research associateship. Box 174, e i wih 
6 SCIENCE. 7/24, 31; 8/7 | Information Requisition 
a. It’s simple: Mark—Cli I i i 
siiaeiatinmetaahliliin | Pp Clip—Fold—Mail—No stamp required 
Young M.S. or B.S. to conduct research in a : : s ons 
NW very active neuropharmacology group. in This coupen is for yeur convenience—to facilitate your requests for further 
’ large midwestern pharmaceutical firm. Must infermatien abeut advertised products and items in New Products. This cou- 
have specific background in neurophysiology pon is good for 3 months only. 
and/or pharmacology. 
ae Box 179, SCIENCE | From: 
RUIN a: fer onarolein Kate sank cc oS oe aio INE av eve anes CEE 
Ph.D., Pharmacologist. With interest in drug 
evaluation and pharmacodynamics for position of Company .... ccc ccccccce gene 
— senior pharmacologist with expanding research See ae a tee aka es a ae ee 
department of midwestern pharmaceutical com- 
| pany. Some industrial experience preferred. Send WE civva-ciotne «wie gira ees waa a ctalererm al tare E slavenoue 
MA vita and salary record to Box 178, SCIENCE. 
——— 7/31; 8/7, 14 GOED aein s\cidiaiaians: Me 6.0 & apes ek dey Maes 0 EN ea. axe wk «ata Sate 
| (Please print or type) 
AL Physicist or Physical Chemist. Recent graduate, 
B.S. or M.S. To operate nuclear magnetic reso- Mark, clip coupen—FOLD HERE along this line—mail 
nance instrument. Successful applicant will re- 
n eX: ceive training in use and application to biochem- 
ical and organic chemical problems. Appointment 
ith a for 1 year with possibility of renewal. Apply to 
apany rr. Neil fe ag a Worcester Fo ga pe for a 
. xperimenta iology, 222 aple venue, f, 
gical Shrewsbury, Mass. x tesa Postage Stam 
S re- i : ge P 
Will be Paid iesntianniid 
PhD SCIENCE TEACHERS, LIBRARIANS, AD- | by i 3 
PS MINISTRATORS aeetiy —_ Ke pee Add If Mailed in the 
: ions in many states and foreign lands. onthly 3360 : 
y. ms non-fee placement journal since 1952 gives com- re United States 
tion 0 plete job data, salaries. Members’ qualifications 
opment and vacancies listed free. 1 issue, $1.00. Yearly 
uld = (12 issues) membership, $5.00. CRUSAD 
h.- SCI., Box 99, Station G, Brooklyn 22, N.Y. ew | 
ent af Zoologist to teach animal ecology, comparative BUSINESS REPLY MAIL 
e posl- anatomy, systematic vertebrate and systematic First Class Permit #12711 New Yerk, N.Y. 
sae invertebrata at University of Indonesia. Ph.D. 
petitive Preferable; 2-year assignment. Salary and rank 
vultural open. Send complete biographical data, including 
com e small Gortoaraph, to eas ge of ICA P sn o , 
ams, University o entucky, Lexington, Ken- | R yy 
od and | | *ecky. 7/17, 24, 31 eaders Soctes 
tion of 
sponsi- | | | 
stm | | ili FELLOWSHIPS |i } To: SCIENCE MAGAZINE 
A Postdoctoral Training Program in the anatomy Room 740 
anita and Physiology of the nervous system has been | 
biology. tstablished at Emory University, Atlanta, Ga., 11 West 42 Street 
. Reply y _ —— e bering goat = 
t of Bi- ndness, National Institutes of Health. ese 
7 X fellowships offer opportunity for advanced train- | New York 36, New York 
i img in research and teaching. Such fellowships 
le with May be awarded on or after September 1959 for 
on area. year and may be renewed. Stipends are liberal. 
ease in- or information, write to Dr. Marion Hines, 
rE, epartment of Anatomy, Emory University, 
7/17, 24 | Atlanta 22, Ga. x Fasten Here Only 
—— 4 Staple, Tape, Glue 
OL. 130 | % JULY 1959 
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Your sets and files of 


scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at high mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 








EVOLUTION 
OF NERVOUS CONTROL 
FROM PRIMITIVE 





ORGANISMS TO MAN 


AAAS Symposium 
Volume No. 52 


Editor Allan D. Bass 


Published June 1959 
6” x 9”, 240 pp., 61 illus., 


references, index, cloth 


“OUR PREVIOUS AD 


created a great deal of interest, 


||| SUPPLIES AND EQUIPMENT || 
FREE oe Gas 

A t z 

GRAPH Research PAIMIEIUM ET LN 
Notes, a technical 

publication on new developments in gas 
chromatography. We offer a complete selection 
of essential supplies and the Aerograph line 
of GLPC equipment. 

Send for your free subscription today 
WILKENS INSTRUMENT & RESEARCH INC. 
Box 313, Walnut Creek, California YEllowstone 5-1469 

f hich teful. Addi- 
other High Radiopurity tagged compounds a oe er era ‘ 

Cc ISOTOPES Speciatties (0. 

a “sox. x 6a “DURBANK, “CALIFORNIA 


tional advertising in your magazine 





is contemplated.” 








24 July 1959 
AAAS members’ cash orders $5.00, 
Retail $5.75 





: 
R ea toes on ce 


Information Requisition 


Contents: 


Bernard B. Brode: Preface 

Edmund W. Sinnott: A Common 
Basis for Development and Be- 
havior in Organisms 

M. C. Niu: Current Evidence |f} 
Concerning Chemical Inducers |f¥% 

C. Ladd Prosser: 
Neurophysiology 

Harry Grundfest: 
Conduction in 
System 

George B. Koelle: Neurohumoral 
Agents as a Mechanism of 
Nervous Integration 

Joseph V. Brady: A Comparative 
Approach to the Study of Drug 
Effects on the Behavior of 
Higher Animals 

Irvine H. Page: Chemistry of the 
Brain: Past Imperfect, Present 
Indicative and— Future Per- 
fect? 

Hans-Lukas Teuber: Some Alter- 
ations in Behavior after Cere- 
bral Lesions in Man ) 

I. Arthur Mirsky: Psychoanalysis 
and Human Behavior: Experi- |B¥ 
mental Approaches 

Index 


Use this easy self-mailer to obtain further information about 
items or literature from the New Products section as well as 
advertised products. 


Comparative 


Evolution of 
the Nervous 


NEW PRODUCTS 





Circle below desired number corresponding to: 


931 932 933 934 936 937 
940 941 


ADVERTISERS IN THIS ISSUE 


In the below list, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters A, B, C are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, U indicates upper ad, L 
lower ad, I inside ad, M middle ad, and O outside ad. The covers are 
designated by IFC (inside front cover), IBC (inside back cover), and OBC 
(outside back cover). Advertisements in Personnel Placement are not keyed; 
only fractional pages (one-sixth or larger) in the Market Place are keyed. A 
multiplicity of items is indicated by *. Readers are requested to specify on 
this coupon the particular item in which they are interested; otherwise, the 


British Agents: Bailey Bros. & Swinfen, Ltd. 
request cannot be processed. 


Hyde House, W. Central St. 
London W.C.1, England 

Ct IFC 

O 191 

C— 231,Ul 
- 234,L0 
C— IBC 


Eis7* 
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0 231,L1 
0D 234,L1 
C— OBC 
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0 230 
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American Association for the 
Advancement of Science 
1515 Massachusetts Ave., NW, 
Washington 5, D.C. 
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Modern ... Versatile... 


... Economical! 


INTERNATIONAL’S 
ALL-NEW MODEL UV 
UNIVERSAL CENTRIFUGE 


This latest contribution to centrifuging 
a progress combines in one moderately 

THMNON | RRS a WA priced unit all the features most wanted 
id Be- fAe Roe by medical and industrial laboratories. 


STREAMLINED DESIGN! Cabinetized construction 
dence |PRoX adds new eye appeal to traditional International 
lucers | “work horse’’ ruggedness. Unitized control panel 
rative , simplifies operation. Convenient storage space keeps 

accessories handy. 


WIDE-RANGE VERSATILITY! Swings more than 80 
different accessory combinations. «. at speeds up to 
5400 RPM. For example: 4 one-liter bottles, 150 serum 
tubes, 6-250 ml bottles, 16-50 ml tubes. 


MOST-WANTED FEATURES! Stainless steel 
guard bowl makes cleaning easy. Electric 
oN tachometer, timer and brake assure accuracy... 
itive |Rek eee SS improve performance. Powerful series-wound 

~ motor is International-made for extra reliability. 


GET ALL THE FACTS about this modern, 
versatile, economical centrifuge... the one 

model you can standardize on for general-purpose 
laboratory work. 








n of 
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OSTON 35, MASSACHUSETTS 


$ all-new MODEL UV Universal Centrifuge 


rld over by authorized International dealer 
S. 


Title 




















The Making of a Nuclear Engineer 


Our nation’s leadership in the 
expanding atomic age must rest on 
the technical abilities of those peo- 
ple now training to carry it on. The 
growing nuclear knowledge of our 
future scientists is being strongly 
fostered by this Nuclear-Chicago 
Subcritical Training Reactor Labo- 
ratory at more than a dozen im- 
portant American universities and 


colleges. Supplied with the Reactor 
are a carefully selected group of our 
radiation detection and recording 
instruments and specially developed 
experiments for student training. 
We will be glad to supply educa- 
tional institutions with full infor- 
mation on this unique nuclear train- 
ing program, or suggest other pro- 
grams suited to your curriculum. 


nuclear - chicago 
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® 237 WEST ERIE STREET * CHICAGO 10, ILLINOIS 




















